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Officers  of  the  New  York  Meeting. 


PRESIDENT. 
R.  S.  Woodward,  Columbia  University. 

VICE  PRESIDENTS. 

A.  Mathematics  and  Astronomy — Asaph  Hai,l,  Jr.,  Ann  Arbor  Uni- 

versity. 

B.  Physics — Ernest  Merritt,  Cornell  University. 

C.  Chemistry— James  Lewis  Howe,  Washington  and  Lee  University. 

D.  Mechanical  Science  and  Engineering — John  A.  Brashbar,  West- 

ern University  of  Pennsylvania. 

E.  Geology — James  Furman  Kemp,  Columbia  University. 

F.  Zoology — C.  B.  Davenport,  Harvard  University. 

G.  Botany — Wm.  Trelease,  Shaw  Botanic  Gardens. 

H.     Anthropology— Amos  W.  Butler,  Indiana  Board  of  Charities. 

I.       Social  and  Economic  Science— Cai^vin  M.  Woodward,  Washing- 
ton University. 

PERMANENT  SECRETARY. 
L.  O.  Howard,  U.  S.  Department  of  Agriculture. 

GENERAL  SECRETARY. 
Charles  Baskerville,  University  of  North  Carolina. 

SECRETARY  OF  THE  COUNCIL. 

William  Hallock,  Columbia  University. 

SECRETARIES  OF  THE  SECTIONS. 

A.  W.  M.  Strong,  Yale  University. 

B.  R.  A.  Fessenden,  Western  University  of  Pennsylvania. 

C.  A.  A.  NoYES,  Massachusetts  Institute  of  Technology. 

D.  W.  T.  Magruder,  Ohio  State  University. 
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OFFICBRS  OF  THE  NEW  YORK  MEETING. 

E.  J.  A.  Holmes,  University  of  North  Carolioa. 

F.  C  H.  Bigenmann,  Indiana  State  University. 

G.  D.  T.  HacDougal,  Columbia  University. 
H.  Prank  Russei^l,  Harvard  University. 

L      H.  T.  Newcomb,  U.  S.  Census  Bureau. 

TREASURER. 
R.  S.  Woodward,  Columbia  University. 
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Members  of  the  Council  of  the  New 
York  Meeting. 


Past  Presidents— ^\^o^  Newcomb,  Washington ;  Gborgb  F.  Barker, 
Philadelphia  ;  George  J.  Brush,  New  Haven  ;  J.  W.  Dawson,  Montreal ; 
C.  A.  Young,  Princeton;  J.  P.  Leswe,  Philadelphia;  Edward  S. 
Morse,  Salem;  Samuel  P.  Langley,  Washington;  J.  W.  Powell, 
Washington ;  T.  C.  Mendenhall,  Worcester ;  George  L.  Goodale, 
Cambridge ;  Albert  B,  Prescott,  Ann  Arbor ;  Joseph  LeConte, 
Berkeley ;  William  Harkness,  Washington  ;  Edward  W.  Morley, 
Cleveland ;  Theodore  Gill,  Washington  ;  WoLCOTT  Gibbs,  Newport ; 
F.  W.  Putnam,  Cambridge ;  G.  K.  Gilbert,  Washington. 

Vice  Presidents  of  the  Boston  Meeting. — E.  E.  Barnard,  Green  Bay  ; 
Frank  P.  Whitman,  Cleveland ;  Edgar  F.  Smith,  Philadelphia ; 
John  Galbraith,  Toronto ;  H.  L.  Fairchild,  Rochester ;  A.  S. 
Packard,  Providence;  W.  G.  Farlow,  Cambridge;  J.  McK.  CaTTELL, 
New  York ;  Archibald  Blue,  Toronto. 

Vice  Presidents  of  the  Columbus  Meeting — Alexander  Macfarlane, 
South  3ethlehem ;  Elihu  Thomson,  Lynn ;  F.  P.  Venable,  Chapel 
Hill ;  Storm  Bull,  Madison ;  J.  F.  Whiteaves,  Ottawa ;  S.  H.  Gage, 
Ithaca  ;  C.  R.  Barnes,  Chicago  ;  Thomas  Wilson,  Washington  ;  Mar- 
cus Benjamin,  Washington. 

Officers  of  the  New  York  Meeting — R.  S.  Woodward  New  York  ; 
Asaph  Hall,  Jr.,  Ann  Arbor;  Ernest  Merritt,  Ithaca;  James  Lewis 
Howe,  Lexington ;  John  A.  Brashear,  Allegheny ;  James  F.  Kemp, 
New  York  ;  C.  B.  Davenport,  Cambridge ;  William  Trelease,  St. 
Louis;  A.  W.  Butler,  Indianapolis;  C.  M.  Woodward,  St.  Louis;  L. 
O.  Howard,  Washington  ;  Chas.  Baskerville,  Chapel  Hill ;  William 
Hallock,  New  York ;  W.  M.  Strong,  New  Haven  ;  R.  A.  Fessenden, 
Allegheny;  A.  A.  Noyes,  Boston;  W.  T.  Magruder,  Columbus;  J.  A. 
Holmes,  Chapel  Hill;  C.  H.  Eigenmann,  Bloomington;  D.  T.  Mac- 
DouGAL,  New  York ;  Frank  Russell,  Cambridge ;  H.  T.  Newcomb, 
Washington  ;  R.  S.  Woodward,  New  York. 

Frofn  the  Association  at  Large — To  hold  over  until  successors  are 
elected.  A  fellow  from  each  section— Ormond  Stone,  Philadelphia,  Pa. 
(A);  B.  F.  Thomas,  Columbus,  Ohio  (B);  T.  W.  Richards,  Cambridge, 
Mass.  (C);  Thomas  Gray,  Terre  Haute,  Ind.  (D);  Arthur  Hollick, 
New  York  City  (E);  F.  M.  WEBSTER,  Wooster,  Ohio  (F);  W.  J.  Beal, 
Agricultural  College,  Mich.  (G);  W  J  McGee,  Washington  D.  C.  (H); 
Henry  Farquhar,  Washington,  D.  C.  (I). 
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Local  Committee  of  the  New  York  Meeting. 


The  lyocal  Committee  consisted  of  the  Members  and  Fellows  of  the 
Association  resident  in  New  York  City  and  within  a  radius  of  25  miles  of 
the  city. 

LOCAL  EXECUTIVE  COMMITTEE. 

J.  J.  Stevenson,  Chairman. 

R.  S.  Woodward,  President  of  the  Association. 

WiLUAM  Hali^ock,  Secretary  of  the  Council. 

J.  F.  Kemp,  Chairman  of  Section  E. 

D.  T.  MacDougai,,  Secretary  of  Section  G. 

N.  L.  Britton,  Reception. 

C.  F.  Cox,  Transportation. 

H.  F.  OSBORN. 

F.  W.  Putnam. 

Wii^UAM  McMuRTRiE,  Treasurer. 

J.  McKeen  Cattei^l,  Secretary. 
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Officers  for  the  Denver  Meeting. 


PRESIDENT. 
Chari^ES  Sedgwick  MinoT,  Harvard  University,  Cambridge,  Mass. 

VICE  PRESIDENTS. 

A.  Mathematics  and  Astronomy — ^James  McMahon,  Cornell  Univer- 

sity, Ithaca,  N.  Y. 

B.  Physics — D.  B.  Brace,  University  of  Nebraska,  Lincoln,  Neb. 

C.  Chemistry — John  H.  Long,  Northwestern  University,  Chicago,  111. 

D.  Mechanical  Science  and  Engineering— H.  S.  Jacoby,  Cornell  Uni- 

versity, Ithaca,  N.  Y. 

E.  Geology  and  Geography — C.  R.  VanHise,  University  of  Wiscon- 

sin, Madison,  Wis. 

F.  Zoology— D.  S.  Jordan,  Leland  Stanford,  Jr.,  University,  Stanford 

University,  Cal. 

G.  Botany — B.  T.  Galloway,  U.  S.  Department  of  Agriculture,  Wash- 

ington, D.  C. 

H.     Anthropology — J.  Walter  Fewkes,  Bureau  of  American  Ethnol- 
ogy, Washington,  D.  C. 

I.    Social  and  Economic  Science — John  Hyde,  U.  S.  Department  of 
Agriculture,  Washington,  D.  C. 

PERMANENT  SECRETARY. 

L.  O.  Howard,  Cosmos  Club,  Washington,  D.  C. 

GENERAL  SECRETARY. 

William  Hallock,  Columbia  University,  New  York  City. 

SECRETARY  OF  THE  COUNCIL. 

D.  T.  MacDougal,  N.  Y.  Botanical  Gardens,  New  York  City. 

SECRETARIES  OF  THE  SECTIONS. 

A.     Mathematics  and  Astronomy— H.  C.  Lord,  Ohio  State  University, 
Columbus,  Ohio. 
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X  OFFICERS  FOR  THE  DENVER  MEETING. 

B.  Physics— J.  O.  Reed,  University  of  Michigan,  Ann  Arbor,  Mich. 

C.  Chemistry— Wm.   McPherson,  Ohio  State  University,    Columbus, 

Ohio. 

D.  Mechanical  Science   and   Engineering — W.    H.   Jaques,    Jamaica 

Plain,  Mass. 

E.  Geology  and  Geography — R.  A.  F.  Penrose,  Pierce,  Arizona. 

F.  Zoology— H.  B.  Ward,  University  of  Nebraska,  Lincoln,  Neb. 

G.  Botany— A.  S.  Hitchcock,  Kansas  State  Agricultural  College,  Man- 

hattan, Kan. 

H.     Anthropology — G.  G.  MacCurdy,  Yale   University,    New    Haven, 

Conn. 
I.    Social  and  Economic  Science — Miss  C.  A.   Benneson,  Cambridge, 
Mass. 

K.    Physiology  and  Experimental  Medicine— (This  new  section  will  or- 
ganize at  the  Denver  meeting). 

TREASURER. 
R.  S.  Woodward,  Columbia  University,  New  York  City. 
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Members  of  the  Council  for  the  Denver 

Meeting. 


Past  Presidents, Su/LO's  Nevvcomb,  Washington  ;  George  F.  Bar- 
ker, Philadelphia ;  GEORGE  J.  Brush,  New  Haven  ;  J.  W.  Dawson, 
Montreal ;  C.  A.  Young,  Princeton  ;  J.  P.  Lesi^ie,  Philadelphia ;  Ed- 
ward S.  Morse.  Salem ;  Samuel  P.  Langi,ey,  Washington  ;  J.  W. 
PowEi,!,.  Washington;  T.  C.  Mendenhai^l,  Worcester;  George  L- 
GooDALE,  Cambridge;  Ai^bert  B.  Prescott,  Ann  Arbor;  Joseph  Le. 
Conte,  Berkeley;  Wiluam  Harkness,  W^ashington ;  Edward  W. 
MoRLEY,  Cleveland;  Theodore  Gill,  Washington;  Wolcott  Gibbs, 
Newport ;  F.  W.  Putnam,  Cambridge  ;  G.  K.  Gilbert,  Washington  ; 
R.  S.  Woodward,  New  York. 

Vice  Presidents  for  the  Columbus  Meeting. — Alexander  Macfar- 
LANE,  South  Bethlehem ;  Elihu  Thomson,  Lynn  ;  F.  P.  Venable, 
Chapel  Hill ;  Storm  Bull,  Madison  ;  J.  F.  Whiteaves,  Ottawa;  S.  H. 
Gage,  Ithaca;  C.  R.  Barnes,  Chicago;  Thomas  Wilson,  Washington, 
Marcus  Benjamin,  Washington. 

Vice  Presidents  of  the  New  York  Meeting.— Kswn  Hall,  Jr.,  Ann 
Arbor ;  Ernest  Merritt,  Ithaca ;  James  Lewis  Howe,  Lexington  ; 
John  A.  Brashear,  Allegheny  ;  James  Furman  Kemp,  New  York  ;  C. 
B.  Davenport,  Cambridge ;  Wm.  Trelease,  St.  Louis  ;  Amos  W.  But- 
ler, Indianapolis ;  Calvin  M.  Woodward,  St.  Louis. 

Officers  for  the  Denver  Meeting.— CuARhKS  Sedgwick  Minot,  Cam- 
bridge ;  James  McMahon,  Ithaca ;  D.  B.  Brace,  Lincoln  ;  John  H. 
Long,  Chicago  ;  H.  S.  Jacoby,  Ithaca  ;  C.  R.  Van  Hise,  Madison  ;  D.  S. 
Jordan,  Leland  Stanford,  Jr.,  University ;  B.  T.Galloway, Washington  ; 
J.  Walter  Fewkes,  Washington  ;  John  Hyde,  Washington  ;  L.  O.  How- 
ard, Washington;  Wm.  Hallock,  New  York;  D.  T.  MacDougal, 
New  York  ;  H.  C.  Lord,  Columbus;  J.  O.  Reed,  Ann  Arbor ;  Wm.  Mc- 
Pherson,  Columbus  ;  W.  H.  Jaques,  Jamaica  Plain  ;  R.  A.  F.  Penrose, 
Pierce;  H.  B.Ward,  Lincoln;  A.  S.  Hitchcock,  Manhattan;  G.  G. 
MacCurdy,  New  Haven  ;  Miss  C.  A.  Benneson,  Cambridge ;  R.  S. 
Woodward,  New  York. 

From  the  Association  at  Large.— To  hold  over  until  successors  are 
elected.  A  fellow  from  each  section— Ormond  Stone,  Philadelphia  ; 
B.  F.  Thomas,  Columbus ;  T.  W.  Richards,  Cambridge;  Thomas 
Gray,  Terre  Haute;  Arthur  Hollick,  New  York;  F.  M.  Webster, 
Wooster  ;  W.  J.  Beal,  Agricultural  College ;  W  J  McGee,  Washington ; 
Henry  Farquhar,  Washington. 
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special  Committees  of  the  Association/ 


I.  Auditors. 
Emory  McCuntock,  Morristown,  and  G.   K.  Gii^bert,  Washington. 

2.  Commiitee  on  Indexing  Chemical  Literature. 
H.  Carrington  Bolton,  Chairman,  F.  W.  Gierke,  A.  R.  Leeds,  H. 
W.  Wii^EY,  J.  W.  Langley,  a.  B.  Prescott,  Alfred  Tuckerman. 

3.  Committee  on  the  Policy  of  the  Association. 

The  President,  Chairman,  The  Permanent  Secretary,  The 
Treasurer,  T.  C.  Mendenhall,  H.  L.  Fairchild,  James  Lewis  Howe. 

4.  Comm  it  tee  on  Sta  nda  rds  of  Measu  rements. 

T.  C.  Mendenhall,  Chairman,  E.  W.  Morley,  E.  L.  Nichols,  R.  S. 
Woodward,  H.  A.  Roland,  H.  S.  Carhart.  W^ith  power  to  add  to 
its  number. 

5.   Committee  on  the  Association  Library. 
Chairman,  A.  W.  Butler,  W.  L.  Dudley, 


-,  Thomas  French,  Jr. 


6.  Committee  on  Anthropometric  Measurements. 
J.  McK.  Cattell,  W.  W.  Newell,  W  J  McGee,  Franz  Boas. 

7.  Committee  to  Cooperate  with  the  National  Educational  Association  Regard- 
ing the  Teaching  0/ Science  in  the  Secondary  Schools. 

R.  S.  Tarr,  H.  S.  Carhart,  A.  S.  Packard,  C.  F.  Mabery,  C.  E. 
Bessey. 

8.  Committee  for  the  Collection  0/  Information  Relative  to  Forestry. 
W.  H.  Brewer,  Chairman,  Gifford  Pinchot,  Arnold  Hague. 

9.  Committee  on  the  Quantitative  Study  0/ Biological  Variation. 
Franz  Boas,  Chairman,  J.  McK.  Cattell,  C.  S.  Minot,  C.  H.  Eig- 
ENMANN,  C.  B.  Davenport. 

10.  Committee  on  the  Protection  and  Preservation  of  Objects  of  Archaeologi- 
cal Interest. 

Thomas  Wilson,  Chairman,  F.  W.  Putnam,  N.  H.  Winchell,  G.  K. 
Gilbert,  A.  W.  Butler,  Geo.  A.  Dorsey. 

1  All  Committees  arc  expected  to  present  their  reports  to  the  Council  not  later 
than  the  third  day  of  the  meeting.  Committees  sending  their  reports  to  the  Perma- 
nent Secretary  one  mouth  before  a  meeting  can  have  them  printed  for  use  at  the 
meeting. 
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SPECIAI,  COMMITTEES  OF  THE  ASSOCIATION.  Xlll 

II.  Committee  on  the  Study  of  Blind  Vertebrates. 
Theodore  Gill,  Chairman,  A.  S.  Packard,  C.  O.  Whitman,  S.  H. 
Gage,  H.  C.  Bumpus,  C.  H.  Eigenmann. 

12.  Committee  on  the  Teaching  of  Anthropology  in  America. 
W  J  McGee,  Chairman,  G.  G.  McCurdy,  Frank  Russell,  Franz 
Boas,  W.  H.  Holmes. 

13.  Committee  on  a  Memorial  Tablet  in  the  House  in  Albany  in  which  the 

First  Meeting  was  held  which  led  Ultimately  to  the  Founding 

of  the  Association. 

JNO.  M.  Clarke,   Chairman,  W  J  McGee,  J.  McK.  Cattell,  C.  H. 
Hitchcock,  Theodore  Gill. 

14.  Committee  on  the  Disposition  of  the  Association  Library. 
W  J  McGee,  Chairman,  B.  F.  Thomas,  L.  O.  Howard. 

15.  Committee  on  the  Relations  of  the  Journal  Science  with  the  Association. 
Simon  Newcomb,  Chairman,    G.  K.  Gilbert,  |J.  McK.  Cattell, 
The  President,  The  Permanent  Secretary. 

16.  Committee  on  the  Relations  of  Plants  and  Climate. 
William  Trelease,  Chairman,  D.  T.  MacDougal,  J.  M.  Coulter. 
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stings. 

Place. 

I 

Philadelphia 
Cambridge 

2 

3 

Charleston 

4 

New  Haven 

Cincinnati 

6 

Albany 

7 

Cleveland 

8 

Washington 

9 

Providence 

lO 

2nd  Albany 

II 

Montreal 

12 

Baltimore 

13 

Springfield 

14 

Newport 

15 

Buffalo 

i6 

Burlington 

17 

Chicago 

i8 

Salem 

19 

T^57 

20 

Indianapolis 

21 

Dubuque 

22 

Portland 

23 

Hartford 

24 

Detroit 

25 

2nd  Buffalo 

26 

Nashville 

27 

St.  Louis 

28 

Saratoga 

29 

'        Boston 

30 

2nd  Cincinnati 

31 

2nd  Montreal 

32 

Minneapolis 

33 

2nd  Philadelphia 

34 

Ann  Arbor 

35 

3d  Buffalo 

36 

New  York 

37 

2nd  Cleveland 

38 

Toronto 

39 

2nd  Indianapolis 

40 

2nd  Washington 

41 

Rochester 

42 

Madison 

43 

Brooklyn 

44 

2nd  Springfield 

45 

4th  Buffalo 

46 

2nd  Detroit 

47 

2nd  Boston 

48 

Columbus 

49 

2nd  New  York 

50 

Denver 

Date. 


Members 
in  attend- 
ance. 


Sept.  20, 
Aug.  14 
Mar.  12 
Aug.  19, 
May 
Aug.  19 
July  28, 
April  26 
Aug.  15 
Aug.  20, 
Aug.  12 
April  28 
Aug.  3 
Aug.  I 
Aug.  15 
Aug.  21 
Aug.  5 
Aug.  18 
Aug.  17 
Aug.  16, 
Aug.  15 
Aug.  20 
Aug.  12 
Aug.  II 
Aug.  23 
Aug.  29 
Aug.  21 
Aug.  27 
Aug.  25 
Aug.  17 
Aug.  23 
Aug.  15 
Sept.  3 
Aug.  26 
Aug.  18 
Aug.  10 
Aug.  14 
Aug.  26 
Aug.  19 
Aug.  19, 
Aug.  17 
Aug.  17 
Aug.  15 
Aug.  28 
Aug.  24 
Aug.  9 
Aug.  22 
Aug.  21 
June  25 
Aug.  25 


1848 

1849 
1850 
1850 
1851 
1851 
1853 
1854 
1855 
1856 

1857 
1858 

1859 
i860 
1866 
1867 
1868 
1869 
1870 
1871 
1872 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 

1893 
1894 

1895 
1896 

1897 
1898 

1899 
1900 
1901 


? 
? 

? 
? 

87 

194 

? 

1 68 
166 
381 
351 
190 
190 
»35 
79 
73 
259 
244 
188 
196 
164 

195 
224 

165 
215 
173 
134 
256 
997 
500 
937 
328 
1261* 
364 
445 
729 
342 
424 
364 
653t 
456 
290 
488 
368 
333 
283t 
903 
353 
434 


Number 

of 
members. 


461 
540 
622 
704 
800 
769 
940 
1004 
605 
722 
946 
962 
862 
644 
637 
415 
686 

511 
536 
668 
610 
670 
722 
807 
867 

953 

962 

1030 

1555 
1699 
1922 

2033 
1981 
1956 
1886 
1956 
1964 
1952 
1944 

2054 
2037 

1939 
1802 

1913 
1890 
1782 
1729 
1721 
1925 


*  Including  303  members  of  the  British  Association  and  9  other  foreign  guests. 

t  Including  24  Foreign  Honorary  members  for  the  meeting. 

X  Including  15  Foreign  Honorary  members  and  associates  for  the  meeting. 
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Officers  of  the  Meetings  of  the  Association. 


[The  number  before  the  name  is  that  of  the  meeting ;  the  year  of  the 
meeting  follows  the  name  ;  the  asterisk  after  a  name  indicates  that  the 
member  is  deceased.] 

PRESIDENTS. 


1.  J  Wm.  B.  Rogers,*  1848. 
i  W.  C.  Redfiei^d,*  1848. 

2.  Joseph  Henry,*  1849. 

3.  4,  5.     A.    D.    Bache,*   March 

meeting,  1850,  in  absence  of 
Joseph  Henry.*  August 
meeting,  1850.  May  meet- 
ing, 1851. 

6.  Louis  Agassiz,*  August  meet- 

ing, 1 85 1. 

(No  meeting  in  1852.) 

7.  Benjamin  Pierce,*  1853. 

8.  James  D.  Dana,*  1854. 

9.  John  Torrey,*  1855. 

10.  James  Hali.,*  1856. 

11,  12.  Alexis  Caswell,*  1857, 

in  place  of  J.  W.  Bailey,* 
deceased.  1858,  in  absence 
of  Jeffries  Wyman.* 

13.  Stephen  Alexander,*  1859. 

14.  Isaac  Lea,*  i860. 

(No  meetings  for  1861-65.) 

15.  F.  A.  P.  Barnard,*  1866. 

16.  J.  S.  Newberry,*  1867. 

17.  B.  A.  Gould,*  1868. 

18.  J.  W.  Foster,*  1869. 

19.  T.  Sterry  Hunt,*  1870,  in  the 

absence    of    Wm.    Chauve- 

NET.* 

20.  Asa  Gray,*  1871. 

21.  J.  Lawrence  Smith,*  1872. 

22.  Joseph  Lovering,*  1873. 

23.  J.  L.  LeConte,*  1874. 

24.  J.  E.  Hilgard,*  1875. 

25.  William  B.  Rogers,*  1876. 


26. 

27- 
28. 
29. 
30. 
31. 
32. 
33- 
34- 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 

43- 
44. 

45. 
46. 

47. 


48. 


49- 
50. 


Simon  Newcomb,  1877. 
O.  C.  Marsh,*  1878. 
G.  F.  Barker,  1879. 
Lewis  H.  Morgan,*  1880. 
G.  J.  Brush,  1881. 
J.  W.  Dawson,  1882. 
C.  A.  Young,  1883. 
J.  P.  Lesley,  1884. 
H.  A.  Newton,*  1885. 
Edward  S.  Morse,  1886. 
S.  P.  Langley,  1887. 
J.  W.  Powell,  1888. 
T.  C.  Mendenhall,  1889. 
G.  Lincoln  Goodale,  1890. 
Albert  B.  Prescott,  1891. 
Joseph  LeConte,  1892. 
William  Harkness,  1893. 
Daniel  G.  Brinton,*  1894. 

E.  W.  MoRLEY,  1895. 
Edward  D.  Cope,*  1896. 
Theodore  Gill,  as  senior 

vice  president  acted  after 
the  death  of  Prof.  CoPE. 
WoLCOTT  GiBBS,  1897,  absent. 
W  J  McGee,  Acting    Presi- 
dent. 

F.  W.  Putnam,  1898. 
Edward  Orton,*  1899. 
Grove  K.  Gilbert,  elected 

by  the  General  Committee 
December,  1899,  to  fill  the 
vacancy  caused  by  the 
death  of  Prof.  Orton. 

R.  S.  Woodward,  1900. 

C.  S.  Minot,  1901. 
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OEFICERS  OF  THE  MEETINGS  OF  THE  ASSOCIATION. 


XVll 


VICE  PRESIDENTS. 

There  were  no  Vice  Presidents  until  the  nth  meeting  when  there  was 
a  single  Vice  President  for  each  meeting.  At  the  24th  meeting,  the  Asso- 
ciation met  in  Sections  A  and  B,  each  presided  over  by  a  Vice  President. 
At  the  31st  meeting  nine  sections  were  organized,  each  with  a  Vice  Presi- 
dent as  its  presiding  officer.  In  1886,  Section  G  (Microscopy)  was  given 
up.     In  1892,  Section  F  was  divided  into  F,  Zoology  ;  G,  Botany. 


1857-1874. 


11.  Ai^EXis  CASWEI.L,*  1857,  acted 

as  President. 

12.  John  E.  Holbrook,*  1858,  not 

present. 

13.  Edward  Hitchcock,*  1859. 

14.  B.  A.  Goui<D,*  i860. 

15.  B.  A.  Gould,*  1866,  in  absence 

of  R.  W.  GiBBES. 

16.  WOLCOTT  GiBBS,  1 867. 


17.  Charles  Whittlesey,*  1868. 

18.  Ogden  N.  Rood,  1869. 

19.  T.  Sterry  Hunt,*  1870,  acted 

as  President. 

20.  G.  F.  Barker,  187 i. 

21 .  Alexander  Winchell,*i872. 

22.  A.    H.   Worthen,*   1873,  not 

present. 

23.  C.  S.  Lyman,*  1874. 


1875-1881. 
Mathematics,  Physics,  Section  B.— Natural  History. 

24.  J.  W.  Dawson,  1875. 

25.  Edward  S.  Morse,  1876. 

26.  O.  C.  Marsh,*  1877. 

27.  Aug.  R.  Grote,  1878. 


Section  A 

and  Chemistry, 

24.  H.  A.  Newton,*  1875. 

25.  C.  A.  Young,  1876. 

26.  R.H.Thurston,  1877,  in  the 

absence  of  E.  C.  Pickering. 

27.  R.  H.  Thurston,  1878. 

28.  S.  P.  Langley,  1879. 

29.  Asaph  Hall,  1880. 

30.  William  Harkness,  1881,  in 

the  absence  of  A.  M.  Mayer.* 


28.  J.  W.  Powell,  1879. 

29.  Alexander  Agassiz,  1880. 

30.  Edward  T.  Cox,  1881,  in  the 

absence  of  George  Engel- 

MANN.* 


Chairmen  of  Subsections,  1875-1881. 


Subsection  of  Chemistry. 

24.  S.  W.  Johnson,  1875. 

25.  G.  F.  Barker,  1876. 

26.  N.  T.  LrUPTON,*  1877. 

27.  F.  W.  Clarke,  1878. 

28.  F.  W.  Clarke,  1879,  in  the  ab- 

sence of  Ira  Remsen. 

29.  J.  M.  Ordway,  1880. 

30.  G.  C.  Caldwell,  1881,  in  the 

absence  of  W.  R.  Nichols.* 
Subsection  of  Microscopy. 

25.  R.  H.  Ward,  1876. 

26.  R.  H.  Ward,  1877. 

27.  R.  H.  Ward,   1878,  in  the  ab- 

sence of  G.  S.  Blackie.* 


28.  E.  W.  MoRLEY,  1879. 

29.  S.  A.  Lattimore,  1880. 

30.  A.  B.  Hervey,  1881. 
Subsection  of  Anthropology, 

24.  Lewis  H.  Morgan,*  1875. 

25.  Lewis  H.  Morgan,*  1876. 

26.  Daniel  Wilson,*    1877, 

present. 

27.  United  with  Section  B. 

28.  Daniel  Wilson,*  1879. 

29.  J.  W.  Powell,  1880. 

30.  Garrick  Mallery,*  1 881. 
Subsection  of  Entomology. 

30.  J.  G.  Morris,*  1881. 


not 
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Vice  Presidents 
Section  A.— Mathematics  and 
Astronomy. 

31.  W.  A.  Rogers,*  1882,  in  the 

absence  of  Wm.  Harknkss. 

32.  W.  A.  Rogers,  1883. 

33.  H.  T.  Eddy,  1884. 

34.  Wm.  Harkness,  1885,  in  the 

absence  of  J.  M.  Van  Vi^eck. 

35.  J.  W.  GiBBS,  1886 

36.  J.  R.  Eastman,  1887,  in  place 

of  W.  Ferrel,*  resigned. 

37.  Ormond  Stone,  1888. 

38.  R.  S.  Woodward,  1889. 

39.  S.  C.  Chandi^er,  1890. 

40.  E.  W.  Hyde,  1891. 

41.  J.  R.  Eastman,  1892. 

42.  C.  L.  DooLiTTLE,  1893. 

j  G.  C.  COMSTOCK,  1894. 

^^*   1  Edgar  Frisby,  1894. 

44.  Edgar  Frisby,  1895,  in  place 

of  E.  H.  HOLDEN,  resigned. 

45.  Ai,EX.  Macfarlane,  1896,  in 

place  of  Wm.  E.  Story,  re- 
signed. 

46.  W.  W.  Beman,  1897. 

47.  E.  E.  Barnard,  1898. 

48.  Alex.  Macfarlane,  1899. 

49.  Asaph  Hall,  Jr.,  1900. 

50.  James  MacMahon,  1901. 

Section  B, — Physics. 

31.  T.  C.  Mendenhall,  1882. 

32.  H.  A.  Rowland,  1883. 

33.  J.  Trowbridge,  1884. 

34.  S.  P.  Langley,  1885,  in  place 

of  C.  F.  Brackett,  resigned. 

35.  C.  F.  Brackett,  1886. 

36.  W.  A.  Anthony,  1887. 

37.  A.  A.  Michelson,  1888. 

38.  H.  S.  Carhart,  1889. 

39.  Cleveland  Abbe,  1890. 

40.  F.  E.  Nipher,  1891. 

41.  B.  F.  Thomas,  1892. 

42.  E.  L.  Nichols,  1893. 

43.  Wm.  a.  Rogers,  1894. 


OF  Sections,  1882- 

44.  W.  LeConte  Stevens,  1895. 

45.  Carl  Leo  Mkes,  1896. 

46.  Carl  Barus,  1897. 

47.  F.  P.  Whitman,  1898. 

48.  Elihu  Thomson,  1899. 

49.  Ernest  Merritt,  1900. 

50.  D.  B.  Brace,  1901. 

Section  C. — Chemistry. 

31.  H.  C.  Bolton,  1882. 

32.  E.  W.  MORLEY,  1883. 

33.  J.  W.  Langley,  1884. 

34.  N.   T.    LUPTON,*   1885,  in   ab- 

sence  of  W.  R.  Nichols.* 

35.  H.  W.  Wiley,  1886. 

36.  A.  B.  Prescott,  1887. 

37.  C.  E.  MUNROE,  1888. 

38.  W.  L.  Dudley,  1889. 

39.  R.  B.  Warder,  1890. 

40.  R.  C.  Kedzie,  1891. 

41.  Alfred  Springer,  1892. 

42.  Edward  Hart,  1893. 

43.  T.  H.  Norton,  1894. 

44.  Wm.  McMurtrie,  1895. 

45.  W.  A.  NoYES,  1896. 

46.  W.  P.  Mason,  1897. 

47.  Edgar  F.  Smith,  1898. 

48.  F.  P.  Venable,  1899. 

49.  JAS.  Lewis  Howe,  1900. 

50.  John  H.  Long,  1901. 

Section  D.  — Mech  a  n  ica  I  Science 
and  Engineering. 

31.  W.  P.  Trowbridge,*  1882. 

32.  De  Volson  Wood,   1883,  ab- 

sent, but  place  was  not  filled. 

33.  R.  H.  Thurston,  1884. 

34.  J.  BuRKiTT  Webb,  1885. 

35.  O.  Chanute,  1886. 

36.  E.  B.  CoxE,  1887. 

37.  C.  J.  H.  Woodbury,  1888. 

38.  James  E.  Denton,  1889. 

39.  James   E.    Denton,    1890,   in 

place  of  A.   Beardsley,  ab- 
sent. 
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Vice  Presidents  of 
Section  D. — Mechanical  Science 
and  Engineering,  continued. 

40.  Thomas  Gray,  1891. 

41.  J.  B.  Johnson,  1892. 

42.  S.  W.  Robinson,  1893. 

43.  Mansfiei<d  Merriman,  1894. 

44.  William  Kent,  1895. 

45.  Frank  O.  Marvin,  1896. 

46.  John  Galbraith,  1897. 

47.  John  Galbraith,  1898,  in  ab- 

sence of  M.  E.  COOLEY. 

48.  Storm  Bull,  1899. 

49.  John  A.  Brashear,  1900. 

50.  H.  S.  JACOBY,  1901. 

Section  E. — Geology  and 
Geography. 

31.  E.  T.  Cox,  1882. 

32.  C.  H.  Hitchcock,  1883. 

33.  N.  H.  WiNCHELL,  1884. 

34.  Edward  Orton,*  1885. 

35.  T.  C.  Chamberlin,  1886. 

36.  G.  K.  Gilbert,  1887. 

37.  George  H.  Cook,*  1888. 

38.  Charles  A.  White,  1889. 

39.  John  C.  Branner,  1890. 

40.  J.  J.  Stevenson,  1891. 

41.  H.  S.  Williams,  1892. 

42.  Charles  D.  Walcott,  1893. 

43.  Samuel  Calvin,  1894. 

44.  Jed.  Hotchkiss,  1895. 

45.  B.  K.  Emerson,  1896. 

f  I.  C.  White,  1897. 
^  •   \  E.  W.  Claypole,  1897. 

47.  H.  L.  Fairchild,  1898. 

48.  J.  F.  Whiteaves,  1899. 

49.  J.  F.  Kemp,  1900. 

50.  C.  R.  Van  Hise,  1901. 

Section  F,— Biology,  1882-^2. 

31.  W.  H.  Dall,  1882. 

32.  W.  J.  BEAL,  1883. 

33.  E.  D.  Cope,*  1884. 

34.  T.  J.  BURRILL,  1885,  in  the  ab- 

sence of  B.  G.  Wilder. 


Sections,  Continued. 

35.  H.  P.  BOWDITCH,  1886. 

36.  W.  G.  Farlow,  1887. 

37.  C.  V.  Riley,*  1888. 

38.  George  L.  Goodale,  1889. 

39.  C.  S.  MiNOT,  1890. 

40.  J.  M.  Coulter,  1891. 

41.  S.  H.  Gage,  1892. 

Section  F. — Zoology. 

42.  Henry  F.  Osborn,  1893. 

43.  J.  A.  LiNTNER,*  1894,  in  place 

of  S.  H.  ScuDDER,  resigned. 

44.  L.  O.  Howard,  1895,  in  place 

of  D.  S.  Jordan,  resigned. 

45.  Theo.  Gill,  1896. 

46.  L.  O.  Howard,   1897,  in  place 

of  G.   Brown  Goode,*  de- 
ceased. 

47.  A.  S.  Packard,  1898. 

48.  S.  H.  Gage,  1899. 

49.  C.  B.  Davenport,  1900. 

50.  D.  S.  Jordan,  1901. 

Section  G.— Microscopy,  1882-8^. 

31.  A.  H.  TuTTLE,  1882. 

32.  J.  D.  Cox,  1883. 

33.  T.  G.  Wormley,*  1884. 

34.  S.  H.  Gage,  1885. 

(Section  united  with  F  in  1886.) 

Section  G. — Botany. 
42.  Charles  E.  Bessey,  1893. 
j  L.  M.  Underwood,  1894. 
^■^'  \  C.  E.  Bessey,  1894. 

44.  J.  C.  Arthur,  1895. 

45.  N.  L.  Britton,  1896. 

46.  G.  F.  ATKINSON,  1897. 

47.  W.  G.  Farlow,  1898. 

48.  C.  R.  Barnes,  1899. 

49.  W.  Trelease,  1900. 

50.  B.  T.  Galloway,  1901. 

Section  H. — Anthropology. 

31.  Alexander  WiNCHELL,* 1 882. 

32.  OtisT.  Mason,  1883. 

33.  Edward  S.  Morse,  1884. 
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Vice  Presidents  of  Sections,  Continued. 


35 
36. 

37- 


Section  H. — Anthropology— con^d. 
34.  J.  Owen  Dorse y,*  1885,  in  ab- 
sence of  W.  H.  Dali,. 

Horatio  Hai,e,*  1886. 

D.  G.  Brinton,*  1887. 

Charlies  C.  Abbott,  1888. 

38.  Garrick  Mai,lery,*  1889. 

39.  Frank  Baker,  1890. 

40.  Joseph  Jastrow,  1891. 

41.  W.  H.  Hoi^MES,  1892. 

42.  J.  Owen  Dorse y,*  1893. 

43.  Franz  Boas,  1894. 

44.  F.  H.  Gushing,  1895. 

45.  AucE  C.  Fi^etcher,  1896. 

46.  W  J  McGee,  1897. 

47.  J.  McK.  Cattell,  1898. 
Thomas  Wii^on,  1899. 
A.  W.  BuTi^ER,  1900. 

50.   J.  WAI.TER  FEWKES,  1 90 1. 

Section  I. — Social  and  Economic 

Science. 
31.  E.  B.  Elliott,*  1882. 


48. 
49- 


32.  Franklin  B.  Hough,*  1883. 

33.  John  Eaton,*  1884. 

34.  Edward  Atkinson,  1885. 

35.  Joseph  Cummings,*  1886. 

36.  H.  E.  Alvord,  1887. 

37.  Charles  W.  Smiley,  1888. 

38.  Charles  S.  Hill,  1889. 

39.  J.  Richards  Dodge,  1890. 

40.  Edmund  J.  James,  1891. 

41.  L.  F.  Ward,  1892,  in  place  of 

S.  D.  Horton,*  resigned. 

42.  William  H.  Brewer,  1893. 

43.  Henry  Farquhar,  1894. 

44.  B.  E.  Fernow,  1895. 

45.  W.  L.  Lazenby,  1896. 

46.  R.  T.  Colburn,  1897. 

47.  Archibald  Blue,  1898. 

48.  Marcus  Benjamin,  1899. 

49.  CM.  Woodward,  1900. 

50.  John  Hyde,  1901. 


SECRETARIES. 


General  Secretaries,  1848- 

1.  Walter  R.  Johnson,*  1848. 

2.  E.  N.  Horsford,*  1849,  in  ab- 

sence of  Jeffries  Wyman.* 

3.  L/.  R.  Gibbs,   1850,  in  absence 

of  E.  C.  Herrick.* 

4.  E.  C.  Herrick,*  1850. 

5.  William  B.  Rogers,*  1851,  in 

absence  of  E.  C.  Herrick.* 

6.  William  B.  Rogers,*  1851. 

7.  S.  St.  John,*  1853,  in  absence 

of  J.  D.  Dana* 

8.  J.  Lawrence  Smith,*  1854. 

9.  WoLcoTT  Gibbs,  1855. 

10.  B.  A.  Gould,*  1856. 

11.  John  LeConte,*  1857. 

12.  W.  M.  Gillespie,*  1858,  in  ab- 

sence of  Wm.  Chauvenet.* 

13.  William  Chauvenet,*  1859. 


14.  Joseph  LeConte,  i860. 

15.  Eli  as  Loomis,*   1866,    in  ab- 

sence   of     W.    P.     Trow- 
bridge.* 

16.  C.  S.  Lyman,*  1867. 

17.  Simon  Newcomb,  1868,  in  ab- 

sence of  A.  P.  Rockwell. 

18.  O.  C.  Marsh,*  1869. 

19.  F.   W.    Putnam,    1870,  in  ab- 

sence of  C.  F.  Hartt.* 

20.  F.  W.  Putnam,  1871. 

21.  Edward  S.  Morse,  1872. 

22.  C.  A.  White,  1873. 

23.  A.  C.  Hamlin,  1874. 

24.  S.  H.  Scudder,  1875. 

25.  T.  C.  Mendenhall,  1876. 

26.  Aug.  R.  Grote,  1877. 

27.  H.  C.  Bolton,  1878. 

28.  H.    C.    Bolton,    1879,    in   ab- 

sence  of  George  Little. 
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Secretaries,  Continued. 


29.  J.  K.  Rees,  1880. 

30.  C.  V.  Rii^EY,*  1881. 

31.  Wii,UAM  Saunders,  1882. 

32.  J.  R.  Eastman,  1883. 

33.  Ai<FRED  Springer,  1884. 

34.  C.  S.  MiNOT,  1885. 

35.  S.  G.  WlLUAMS,  1886. 

36.  WlW^IAM  H.  PeTTEE,  1887. 

37.  JUI.IUS  POHLMAN,  1 888. 

38.  C.  Leo  Mef^,  i88q. 

39.  H.  C.  Boi,TON,  1890. 

40.  H.  W.  Wiley,  1891. 

41.  A.  W.  Butler,  1892. 

42.  T.  H.  Norton,  1893. 

43.  H.  L.  Fairchild,  1894. 

44.  JAS.  Lewis  Howe,  1895. 

45.  Charles  R.  Barnes,  1896. 

46.  Asaph  Hall,  Jr.,  1897. 

47.  J.  McMahon,  1898,  in  place  of 

D.  S.  Kellicott,*  deceased. 

48.  F.  Bedell,  1899. 

49.  Charles  Baskerville,  1900. 

50.  William  Hallock,  1901. 

Permanent  Secretaries^  /8^f- 
5-7.    Spencer  F.  Baird,*  185 1-4. 
8-17.  Joseph  LovERiNG,*  1854-68. 
18.  F.   W.  Putman,   1869,  in  the 

absence  of  J.  Lovering.* 
19-21.  Joseph  LovERiNG,*  1870-73 
22-46.  F.  W.  Putnam,  1873-98. 
47-53-  L.  O.  Howard,  1898-1905. 

Assistant  General  Secretaries, 
1882-1887. 

31.  J.  R.  Eastman,  1882. 

32.  Alfred  Springer,  1883. 

33.  C.  S.  MiNOT,  1884,  in  absence 
of  E.  S.  HOLDEN. 

34.  S.  G.  Williams,  1885,   in  ab- 


35.  W.  H.  PetTEE,  1886. 

36.  J.  C.  Arthur,  1887. 
Secretaries  of  the  Council,  1888- 

37.  C.  Leo  Mees,  1888. 

38.  H.  C.  Bolton,  1889. 

39.  H.  W.  Wiley,  1890. 

40.  A.  w.  Butler,  1891. 

41.  T.  H.  Norton,  1892. 

42.  H.  Leroy  Fairchild,  1893, 

43.  J  AS.  Lewis  Howe,  1894. 

44.  Charles  R.  Barnes,  1895. 

45.  Asaph  Hall,  Jr.,  1896. 

46.  D.  S.  Kellicott,*  1897. 

47.  Frederick  Bedell,  1898. 

48.  Charles  Baskerville,  1899. 

49.  William  Hallock,  1900. 

50.  D.  T.  MacDougal,  1901. 
Secretaries  0/ Section  A. — Mathe- 
matics, Physics,  and  Chemistry ^ 

1873-81. 
f  S.  P.  Langley,  1875. 
I T.  C.  Mendenhall,  1875. 

25.  A.  W.  Wright,  1876. 

26.  H.  C.  Bolton,  1877. 

27.  F.  E.  NiPHER,  1878. 

28.  J.  K.  Rees,  1879. 

29.  H.  B.  Mason,  1880. 

30.  E.  T.  Tappan,  1 881,  in  the  ab- 
sence of  John  Trowbridge. 

.  Secretaries  0/ Section  B, — Natural 
History,  1874-81. 

24.  Edward  S.  Morse,  1875. 

25.  Albert  H.  Tuttle,  1876. 

26.  William  H.  Dall,  1877. 

27.  George  Little,  1878. 

28.  William  H.  Dall,  1879,  in  the 
absence  of  A.  C.  Wetherby. 

29.  Charles  V.  Riley,*  1880. 

30.  William  Saunders,  1881. 


sence  of  C.  C.  Abbott. 

Secretaries  of  Subsections,  1875-81. 
Subsection  0/ Chemistry.  26.  P.Schweitzer,  1877. 

24.  F.  W.  Clarke,  1875.  27.  A.  P.  S.  Stuart,  1878. 

25.  H.  C.  Bolton,  1876.  28.  W.  R.  Nichols,*  1879 
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Secretaries  of  Subsections,  Continued. 


Subsection  Chemistry — continued. 

29.  C.  E.  MuNROE,  1880. 

30.  AxFRED  Springer,   1881,  it 
absence  of  R.  B.  Warder. 
Subsection  0/ Entomology. 

30.  B.  P.  Mann,  1881. 

Subsection  0/  Anthropology. 

24.  F.  W.  PuTMAN,  1875. 

25.  Otis  T.  Mason,  1876. 

26.  27.  United  with  Section  B. 

Secretaries  of  the  Sections,  1882 


28,  29,  30.  J.  G.  Henderson, 
1879-81. 

Subsection  oj  Microscopy, 

25.  E.  W.  MORLEY.  1876. 

26.  T.  O.  SoMMERS,  Jr.,  1877.      • 

27.  G.  J.  Engei*mann,  1878. 

28.  29.  A.  B.  HerveY,  1879-80. 
30.  W.  H.  Seaman,  i88r,  in  ab- 

sence  of  S.  P.  Sharples. 


Section  A. —Mathematics  and 
Astronomy, 
3K  H.  T.  Eddy,  1882. 

32.  G.  W.  Hough,  1883,  in  ab- 
sence of  W.  W.  Johnson. 

33.  G.  W.  Hough,  1884. 

34.  E.  W.  Hyde,  1885. 

35.  S.  C.  Chandi^er,  1886. 

36.  H.  M.  Paui,,  1887. 

37.  C.  C.  Doolittle,  1888. 

38.  G.  C.  CoMSTocK,  1889. 

39.  W.  W.  Beman,  1890. 

40.  F.  H.  BiGELOW,  1891. 

41.  WiNSLOw  Upton,  1892. 

42.  C.  A.  Waldo,  1893,  in  ab- 
sence of  A.  W.  Phillips. 

43.  J.  C.  Kershner,  1894,  in  place 
of  W.  W.  Beman,  resigned. 

44.  Asaph  Hall,  Jr.,  1895, in  place  . 
of  E.  H.  Moore,  resigned. 

45.  Edwin  B.  Frost,  1896. 

46.  James  McMahon,  1897. 

47.  WiNSLOW Upton,  i898,in  place 
of  Alexander  Ziwet,  re- 
signed. 

48.  John  F.  Hayford,  1899. 

49.  W.  M.  Strong,  1900. 

50.  H.  C.  Lord,  1901. 

Section  B. — Physics. 

31.  C.  S.  Hastings,  1882. 

32.  F.  E.  NiPHER,  T883,  in  ab- 
sence of  C.  K.EAD. 


33.  N.  D.  C.  Hodges,  1884. 

34.  B.  F.  Thomas,  1885,  in  place  of 
A.  A.  MiCHELSON,  resigned. 

35.  H.  S.  Carhart,  1886. 

36.  C.  Leo  Mees,  1887. 

37.  Alex.  Macfarlane,  1888. 

38.  E.  L.  Nichols,  1889. 

39.  E.  M.  Avery,  1890. 

40.  Alex.  Macfarlane,  1891. 

41.  Brown  Ayres,  1892. 

42.  W.  LeConte  Stevens,  1893. 

43.  B.  W.  Snow,  1894. 

44.  E.  Merritt,  1895. 

45.  Frank  P.  Whitman,  1896. 

46.  Frederick  Bedell,  1897. 

47.  W.  S.  Franklin,  1898,  in  place 
of  E.  B.  Rosa,  resigned. 

48.  William  Hallock.  1899. 

49.  R.  A.  Fessenden,  1900. 

50.  J.  O.  Reed,  1901. 

Section  C. — Chemistry. 

31.  Alfred  Springer,  1882. 

32.  f  J.  W.  Langley,  1883. 
\  W.  McMurtrie,  1883. 

33.  H.  Carmichael,  1884,  in  ab- 
sence of  R.  B.  Warder. 

34.  F.  P.  DUNNINGTON,  1885. 

35.  W.  McMurtrie,  1886. 

36.  C.  F.  Mabery,  1887. 

37.  W.  L.  Dudley,  1888. 

38.  Edward  Hart,  1889. 

39.  W.  A.  NoYES,  1890. 
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Secretaries  of  the 
Sec,  C.^ Chemistry,  continued. 

40.  T.  H.  Norton,  1891. 

41.  J  AS.  Lewis  Howe,  1892. 

42.  H.   N.   Stokes,    1893,    in  ab- 
sence of  J.  U.  Nef. 

43.  Morris  Loeb,   1894,  in  place 
of  S.  M.  Babcock,  resigned. 

r  W.  P.  Mason,  1895. 
^'     I W.  O.  ATWATER,  1895. 

45.  Frank  P.  Venabi^e,  1896. 

46.  P.  C.  Freer,  1897. 

47.  C.  Baskervii*i,e,  1898. 

48.  H.  A.  Weber,  1899. 

49.  A.  A.  No  YES,  1900. 

50.  W.  McPherson,  1 90 1. 
Section  D.— Mechanical  Science 

and  Engineering. 

31.  J.  BuRKiTT  Webb,  1882,  in  the 
absence  of  C.  B.  Dudley. 

32.  J.  BuRKiTT  Webb,    1883,  pro 
tempore. 

33.  J.  BURKITT  Webb,  1884. 

34.  C.  J.  H.  Woodbury,  1885. 

35.  WiLUAM  Kent,  1886. 

36.  G.  M.  Bond,  1887. 

37.  Arthur  Beardsley,  t888. 

38.  W.  B.  Warner,  1889. 

39.  Thomas  Gray,  1890. 

40.  William  Kent,  1891. 

41.  O.  H.  Landreth,  1892. 

42.  D.  S.  Jacobus,  1893. 

43.  John  H.  Kinealy,  1894. 

44.  H.  S.  Jacoby,  1895. 

45.  John  Galbraith,  1896. 

46.  John  J.  Flather,  1897. 

47.  W.  S.  Aldrich,  1898. 

48.  J.  M.  Porter,  1899. 

49.  W.  T.  Magruder,  1900. 

50.  W.  H.  jAQUEs,  1901. 

Section  E. — Geology  and 
Geography. 

31.  H.  S.  Williams,  1882,  in  ab- 

sence of  C.  E.  DUTTON. 

32.  A.  A.  JULiEN,  1883. 


Sections,  Continued. 

33.  E.  A.  Smith,  1884. 

34.  G.  K.   Gilbert,   1885,  in  ab- 

sence  of  H.  C.  Lewis.* 

35.  E.  W.  Claypole,  1886. 

36.  W.   M.   Davis,    1887,    in   ab- 

sence of  T.  B.  COMSTOCK. 

37.  John  C.  Branner,  1888. 

38.  John  C.  Branner,  1889. 

39.  Samuel  Calvin,  1890. 

40.  W  J  McGre,  1891. 

41.  R.  D.  Salisbury,  1892. 

42.  W.  H.  Hobbs,*  1893,  in  place  of 

R.  T.  Hill,  resigned. 

43.  Jed.  Hotchkiss,*  1894,  in  place 

of  W.  M.  Davis,  resigned. 

44.  J.  Perrin  Smith,  1895. 

45.  W.  N.  Rice,  1896,  in  place  of 

A.  C.  Gill,  resigned. 

46.  C.  H.  Smith,  Jr.,  1897. 

47.  Warren  Upham,  1898. 

48.  Arthur  Hollick,  1899. 

49.  J.  A.  Holmes,  1900. 

50.  R.  A.  F.  Penrose,  1901. 

Section  F.— Biology,  1882-^2. 

31.  William  Osler,  1882,  in  ab- 

sence of  C.  S.  MiNOT. 

32.  S.  A.  Forbes,  1883. 

33.  C.  E.  Bessey,  1884. 

34.  J.  A.  LiNTNKR,*  1885,  in  place 

of  C.  H.  Fernald,  resigned. 

35.  J.  C.  Arthur,  1886. 

36.  J.  H.  CoMSTocK,  1887. 

37.  B.  E.  Fernow,  1888. 

38.  A.  W.  Butler,  1889. 

39.  J.  M.  Coulter,  1890. 

40.  A.  J.  Cook,  1891. 

41.  D.  B.  Halstead,  1892. 

Section  F. — Zoology. 

42.  L.  O.  Howard,  1893. 

43.  John  B.  Smith,  1894,  in  place 

of  Wm.  Libby,  Jr.,  resigned. 

44.  C.  W.  Hargitt,  1895,  in  place 

of  S.  A.  Forbes  resigned. 
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Secretaries  of  the  Sections.  Coxtinted. 
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Sec.  F— Zoology,  continued. 

45.  D.  S.  Kellicott.*  1896. 

46.  C.  C.  NrmxG,  1897. 

47.  R.  T.  Jackson,  1898,  in  place 

of  C.  W.  Stiles,  resigned. 

48.  C.  L.  Marlatt,  1899.  in  place 

of  F.  W.  True,  resigned. 

49.  C.  H.  ElGENMANN.   I9OO. 

50.  H.  B.  Ward,  1901. 

Section  G .— Microscopy,  /SS^Sj. 

31.  Robert  Brown,  Jr.,  1882. 

32.  Carl  Seiler,  1883. 

33.  RoMYN  Hitchcock,  1884. 

34.  W.  H.  Walmsley,  1885. 

Section  G. — Botany. 

42.  B.  T.  Galloway.  1893,  in  the 

absence  of  F.  V.  Co\^LLE. 

43.  Charles  R.  Barnes,  1894. 
/  B.  T.  Galloway.  1895. 
t  M.  B.  Waite,  1895. 

45.  George  F.  Atkinson,  1896. 

46.  F.  C.  Newcombe,  1897. 

47.  Erwin  F.  Smith,  1898. 

48.  \V.  A.  Kellerman,  1899. 

49.  D.  T.  MacDougal,  1900. 

50.  A.  S.  Hitchcock,  1901. 

Section  H. — Anthropology. 

31.  OtisT.  Mason,  1882. 

32.  G.  H.  Perkins,  1883. 

33.  G.  H.   Perkins,   1884,  in    ab- 

sence of  W.  H.  Holmes. 

34.  Erminnie  a.  Smith,*  1885. 

35.  A.  W.  BrTLER,  1886. 

36.  Charles  C.  Abbott,  1887,  in 

absence  of  F.  W.  Langdon. 

37.  Frank  Baker,  1888. 

38.  W.  M.  Bkauchamp,  1889. 

39.  Joseph  Jastrow,  1890. 

40.  W.  H.  Holmes,  1891. 

41.  W.   M.   Beauchamp,    1892,  in 

place  of  S.  CULIN,  resigned. 

42.  Warren  K.Moorehead,  1893. 
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43.  A.  F.  Chamberun,  1894. 

Stewart  CruN  and  W.  W. 
TooKER.  1895.  in  place  of 
Anita      N.      McGes,    re- 

■      signed. 

45.  G.  H.  Perkins.  1S96,  in  place 

of  J.  G.  BouRKE,*  deceased. 

46.  Anita  N.McGee.  1897,  in  place 

of    Harlan   I.   Smith,  re- 
signed. 

47.  Marshall  H.  Saville.  1898. 

48.  E.    W.    Scripture,    1899,  in 

place  of  George  A.  Dorsby, 
resigned. 

49.  Frank  Russell.  1900. 

50.  G.  G.  MacCurdy.  1901. 

Section  I. — Social  and  Economic 
Science. 
I  Franklin  B.  Hough,*  1882. 
I  J.  RicH.ARDs  Dodge,  1882. 

32.  Joseph  Cummings,*  1883. 

33.  Charles  W.  Smiley,  1884. 

34.  Charles  W.  Smiley.  1885,  in 

absence  of  J.W.Chickering. 

35.  H.  E.  Alvord.  1886. 

36.  W.  R.  L.AZENBY,  1887. 

37.  Charles  S.  Hill,  1888. 

38.  J.  Richards  Dodge,  1889. 

39.  B.  E.  Fernow,  1890. 

40.  B.  E.  Fernow,  1891. 

41.  Henry    Farquhar,   1892,   in 

place  of  L.  F.  Ward,  made 
Vice  President. 

42.  Nellie  S.  Kedzie,  1893. 

43.  Manley  Miles,  1894. 

44.  W.  R.  L.AZENBY,  1895,  in  place 

of  E.  A.  Ross,  resigned. 

45.  R.  T.  COLBURN,  1896. 

46.  Arichibald  Blue,  1897. 

47.  Marcus  Benjamin,  1898. 

48.  Calvin  M.  Woodward,  1899. 

49.  H.  T.  Newcomb,  1900. 

50.  Cora  A.  Benneson,  1901. 
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TREASURERS. 

1.  Jeffries  Wyman,*  1848.  9-19.  A.  L.  Ei.wyn,*  1855- 1870. 

2.  A.  L.  Elwyn,  1849.  20-30.  WiLWAM  S.  Vaux,*  1871- 

3.  St.  J.  Ravenel,*  1850,  in  ab-  i88r. 

sence  of  A.  L.  Elwyn.*  32-42.  Wiluam  Lilly,*  1882-93. 

4.  A.  L.  Elwyn,*  1850.  43-49.  R.   S.    Woodward,   1894- 

5.  Spencer  F.  Baird,*  1851,  in  1900. 

absence  of  A.  L.  Elwyn.*         50-54.  R.   S.    Woodward,    1901- 
6-7.  A.  L.  Elwyn,*  1851-53.  1904. 

8.  J.  L.  LeConte,*  1854,  in  ab- 
sence of  A.  L.  Elwyn.* 
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Commonwealth  of  Massachusetts. 


In  the  Year  One  Thousand  Eight  Hundred  and  Seventy-four. 


AN  ACT 
To  Incorporate  the  "American  Association  for  the  Advance- 
ment OF  Science." 
Be  it  enacted  by  the  Senate  and  House  of  Representatives,  in  General 
Court  assembled,  and  by  the  authority  of  the  same,  as  follows: 
Section  i.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge, and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  "American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  * '  American  Association  for  the  Ad- 
vancement of  Science,"  for  the  purpose  of  receiving,  purchasing  hold- 
ing, and  conveying  real  and  personal  property,  which  it  now  is,  or  here- 
after may  be,  possessed  of,  with  all  the  powers  and  privileges,  and  subject 
to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general  laws 
which  now  or  hereafter  may  be  in  force  and  applicable  to  such  corpora- 
tions. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift,  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand  dollars 
in  value,  and  personal  estate  of  the  value  of  two  hundred  and  fifty 
thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  hereby  autho- 
rized to  call  the  first  meeting  of  the  said  corporation  in  the  month  of 
August  next  ensuing,  by  notice  thereof  "by  mail,"  to  each  member  of 
the  said  Association. 
Section  4.  This  act  shall  take  effect  upon  its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 
John  E.  Sanford,  Speaker, 
In  Senate,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Geo.  B.  Loring,  President.  Approved, 

W.  B.  Washburn. 
Secretary's  Department, 
Boston,  April  3,  1874. 

A  true  copy.  Attest : 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 

OF  THE 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCE- 
MENT OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 

Article  i.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  cultiva- 
ting science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men,  increased  facilities  and  a  wider 
usefulness. 

Members,  Fellows,  Patrons,  and  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
Corresponding  Members  and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  and  election  by  the 
Council.  Any  incorporated  scientific  society  or  institution,  or  any  public 
or  incorporated  library,  may  be  enrolled  as  a  member  of  the  Association 
by  vote  of  the  Council  by  payment  of  the  initiation  fee ;  such  society, 
institution,  or  library  may  be  represented  by  either  the  President,  Curator, 
Director,  or  Librarian  presenting  proper  credentials  at  any  meeting  of 
the  Association  for  which  the  assessment  has  been  paid. 

Associates  for  any  single  meeting  shall  be  admitted  on  the  payment  of 
three  dollars  ;  such  Associates  to  have  all  the  privileges  of  the  meeting, 
except  reading  papers  and  voting. 

Members  of  scientific  societies  whose  meetings  are  contemporaneous 
with  or  immediately  subsequent  to  that  of  the  Association  and  which  are 
recognized  by  vote  of  the  Council  as  '  Affiliated  Societies,'  may  become 
Associate  Members  for  that  meeting  on  the  payment  of  three  dollars. 
They  shall  be  entitled  to  all  the  privileges  of  membership  except  voting 
or  appointment  to  office,  but  their  names  shall  not  appear  in  the  list  of 
members  printed  in  the  annual  report. 
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Any  Member  or  Fellow  of  any  national  scientific  or  educational  institu- 
tion, or  of  any  society  or  academy  of  science,  of  any  country  not  in 
America,  who  may  be  present  at  any  meeting  of  the  Association  shall,  on 
presenting  the  proper  credentials,  be  enrolled  without  fee  as  a  Foreign 
Associate,  and  shall  be  entitled  to  all  the  privileges  of  the  meeting  except 
voting  on  matters  of  business. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of  the 
members  as  are  professionally  engaged  in  science,  or  have,  by  their  labors, 
aided  in  advancing  science.  The  election  of  fellows  shall  be  by  ballot 
and  a  majority  vote  of  the  members  of  the  Council  at  a  designated  meet- 
ing of  the  Council. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 

Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three  for 
each  section,  may  be  elected  ;  the  nominations  to  be  made  by  the  Council 
and  approved  by  ballot  in  the  respective  sections  before  election  by  ballot 
in  General  Session.  Honorary  Fellows  shall  be  entitled  to  all  the 
privileges  of  Fellows  and  shall  be  exempt  from  all  fees  and  assessments, 
and  entitled  to  all  publications  of  the  Association  issued  after  the  date  of 
their  election.  Corresponding  Members  shall  consist  of  such  scientists 
not  residing  in  America  as  may  be  elected  by  the  Council,  and  their 
number  shall  be  limited  to  fifty.  Corresponding  Members  shall  be  en- 
titled to  all  the  privileges  of  members  and  to  the  annual  volumes  of  Pro- 
ceedings published  subsequent  to  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided, 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months, 
shall  have  been  given  ;  and  no  such  person  shall  be  restored  until  he  has 
paid  his  arrearages  or  has  been  reelected.  The  Council  shall  have 
power  to  exclude  from  the  Association  any  member  or  fellow^  on  satisfac- 
tory evidence  that  said  member  or  fellow  is  an  improper  person  to  be 
connected  with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 

Art.  9.     The  officers  of  the  Association  shall  be  elected  by  ballot  by 
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the  General  Committee  from  the  fellows,  and  shall  consist  of  a 
President,  a  Vice  President  from  each  section,  a  Permanent  Secretary, 
a  General  Secretary,  a  Secretary  of  the  Council,  a  Treasurer,  and  a 
Secretary  of  each  Section  ;  these,  with  the  exception  of  the  Permanent 
Secretary  and  the  Treasurer,  shall  be  elected  at  each  meeting  for  the  fol- 
lowing one  and,  with  the  exception  of  the  Treasurer  and  the  Permanent 
Secretary,  shall  not  be  reeligible  for  the  next  two  meetings.  The  term 
of  office  of  the  Permanent  Secretary  and  of  the  Treasurer  shall  be  five  years. 

Art.  io.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at 
all  meetings  of  the  Council.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  General  Session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  II.  The  Vice  Presidents  shall  be  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
council  shall  determine  at  the  meeting  subsequent  to  that  at  which 
he  presides.  The  Vice  Presidents  may  appoint  temporary  Chair- 
men to  preside  over  the  sessions  of  their  sections,  but  shall  not 
delegate  their  other  duties.  The  Vice  Presidents  shall  have  seniority 
in  order  of  their  continuous  membership  in  the  Association.) 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions. ^He  shall  receive  the  records  from  the  Secretaries  of  the 
Sections,  which,  after  examination,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  adjournment  of  the 
meeting. 

Art.  13.  The  Secretary  of  the  Council  shall  keep  the  records  of  the 
Council.  He  shall  give  to  the  Secretary  of  each  Section  the  titles  of 
papers  assigned  to  it  by  the  Council.  He  shall  receive  proposals  for 
membership  and  bring  them  before  the  Council. 

I  Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of 
the  Association  under  the  direction  of  the  Council.  He  shall  attend  to  all 
business  not jf specially  referred  to  Jcommittees  nor  otherwise  consti- 
tutionally provided  for.  He  shall  ^keep  an  account  of  all  business  that 
he  has  transacted  for  the  Association,  and  make  annually  a  general  [report 
for  publication  in  the  annual  volume  of  Proceedings.  He  shall  attend  to 
the  printing  and   distribution   of  the  annual  [volume  of    Proceedings, 
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•«M(t  4II  oih^r  }>niitiiiK  onlereil  by  the  .Vssocxatioii.  He  shall  iasoeacir- 
t  Mt4i  ol  iiiloi  iitrtlioii  lo  uiember<  and  fellows  at  least  three  months  bcfoce 
icj%4U  iMiusliiix,  (iUil  shall,  iu  cuiinectioa  with  the  Local  Cuimiiitteg;  make 
«n  ttMiiJiaiiiy  iiiiHikxemeiu^  for  the  ineecmgs  oc  the  .Vsaocxatum.  He 
4i»««ll  ftMivitti:  Ihc  Scvl«'laIK^s  ot  the  Association  with  soch  books  and  st»- 
»MMi«^*T  •!•  >Hi«>  >>c  UH|Uti^l  tor  their  reconis  and  business,  and  shall  pco> 
yiiU.  iM«:iM^*vi«  aiul  tvlK>v^>  v^tth  such  blank  rorm:^  as  may  be  reqmxed  for 
r'«4  *til'»lii»A$  ihc  bu«uucio  ot  iht;  Association.  Ue  >aail  coUect  all  assess- 
»M^*tiQ  'Uitl  .iiliiiix<u\»u  ttrvs,  ami  tiotity  members  and  fellows  of  their 
44tu.  Mmii,  .uitl  *»t  an>  aiu'aiaiicsv  He  shall  receive,  and  brin^  before  die 
«  oniM  Jl,  ihv:  ulUx  .Hill  itwiiaciN  v>£  !^{.»er>  proposeii  to  be  read  before  die 
■\.»«4M  i'tiiMii  IU:  nh.ill  kvvi>  ail  av\xuint  of  ail  receipts  and  expenditures 
i>r  Mii^  \.4mH  ialiwit,  aiul  iv)K>ti  Uic  Name  auuiially  at  the  drst  meeting  of 
I  tic  i  •.mil  ii,  .titit  aliatl  \Hk\  v>\ci  lo  ihv  rr^a>urer  <ach  unexpended  fnnds 
.>«  Mti^  (  iiMiM  tl  iMii>  >tiu«,i  Uc  vliall  rtrceive  and  hold  intrust  for  die 
.\4«MM  i'tliioi  ill  tM»v»ki,  |NiiH|>hlci'v  iikI  !uaau>crt^>C:>  beion;y^ng  to  the  As> 
*MM  i'tUHM  .iiiii  .t)li>v\  ihv  u-n-  ^»t  ihc  >4iiiic  uiKier  ihe  provisions  of  the  Con> 
ofttntiMM  .Milt  lilt-  ••i«U»^  <•!  ih\  vH>uiKii.  He  >hail recei\*e  all  conimunicft> 
Hi. 114  .MM»iM)4i>»}  h.  ihv-  \  «^»v«.aioii  vhuni^  ihe  uitervais  \xjtween  mectingSi> 
.»fMi  |.»(*pf»*iv  iHi-Hil  i«.  lUv  ■**4iH\'.  Uc  sliall  at  each  meeting  report  die 
ri.«ffiiL:4  'tf  fuilM«v.a  iiul  mt.iut»v»t  vs  h\>  haw  <.lit>i  siiice  the  preceding  meet- 
Mit/  IU:  4li<»it  III-  .»ll«.>\i»l  »  »»l.u>  s\hic)i  viuiil  '>e  determined  by  the 
(  ••ttiti  ii     jttii  iii.M  i.iMt«l>*\    ititt:  (»i    iit\»i\'  oicikN  .it  such  compensation  aa 

\MT  i-i  riir  rir»au»ti  jli.»il  MiM-«i  lUc  tuuvU  :ecei\e*.l  by  Ilim  instidi 
'»#«riirifir*  .1*  iiitn  t>r  •Iium  ti^l  l»\  itu*  v.\»uiivil.  He  >hail  annually  present 
t»»  thr  rntiticil  lit  uroiini  i»i  ilu*  nmJs  tii  hi>  chaijie.  No  expenditure 0(f 
th**  prijiri|ml  \t\  tin*  hau»l.H  oi  iltc  I'umhuivi  xl\ail  be  itiavie  without  a  unan^ 
iiTUMiH  vf>tr  of  thr  V-omu'il.  ami  »u»  i'\|K*iivhUnr  *.»(  ihe  income  receiveil  by 
tlir-  Trenmircr  shall  he  maile  wtilioul  a  ivvv^-lhiuU  vote  of  the  Council. 
Th*^  Tro.imiror  shall  i^vc  l><»iuU  tv»i  llu*  taiUuul  j»iMfoii!iance  oi  his  duty 
in  -iurh  mannor  an<l  sum  as  the  Council  '•hall  tuuu  ume  to  time  direct. 

Art.  16.  The  Secretaries  of  the  SrcHoa»  «»iiall  keep  the  records  of 
thf^ir  resj)ective  sections,  and,  at  the  vIojh*  ol  the  meeting,  give  the  same. 
inr-l'uh'rii^  the  records  of  suhsectionn,  to  the  tienerai  :>ecretarv.  Ther 
>h  ill  ikrf'f)^  the  Se«"retarie9  of  the  Sectional  Committees.  The  Secretaries 
<h\]]  h  iv*^  '^'^niority  in  order  of  their  continuous  membership  in  the  .\sso- 
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Art.  1 7.  In  case  of  a  vacancy  in  the  office  of  President,  the  Senior 
Vice  President  shall  preside,  as  provided  in  Article  10,  until  the  General 
Committee  can  be  assembled  and  the  vacancy  filled  by  election.  Vacan- 
cies in  the  offices  of  Vice  President,  Permanent  Secretary,  Secretary  of 
the  Council,  Secretaries  of  the  Sections,  and  Treasurer,  shall  be  filled  by 
the  Council  by  ballot. 

Art.  18.  The  Council  shall  consist  of  the  past  Presidents,  and  the  Vice 
Presidents  of  the  last  two  meetings,  together  with  the  President,  the  Vice 
Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the  Secre- 
tary of  the  Council,  the  Secretaries  of  the  Sections,  and  the  Treasurer  of 
the  current  meeting,  with  the  addition  of  one  fellow  elected  from  each 
Section  by  ballot  on  the  first  day  of  its  meeting.  The  members  present 
at  any  regularly  called  meeting  of  the  Council,  provided  there  are  at  least 
five,  shall  form  a  quorum  for  the  transaction  of  business.  The  Council 
shall  meet  on  the  day  preceding  each  annual  meeting  of  the  Association, 
and  arrange  the  program  for  the  first  day  of  the  sessions.  The  time  and 
place  of  this  first  meeting  shall  be  designated  by  the  Permanent  Secretary. 
Unless  otherwise  agreed  upon,  regular  meetings  of  the  Council  shall  be 
held  in  the  Council  room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting 
of  the  Association.  Special  meetings  of  the  Council  may  be  called  at  any 
time  by  the  President.  The  Council  shall  be  the  board  of  supervision  of 
the  Association,  and  no  business  shall  be  transacted  by  the  Association 
that  has  not  first  been  referred  to,  or  originated  with,  the  Council.  The 
Council  shall  decide  which  papers,  discussions,  and  other  proceedings 
shall  be  published,  and  have  the  general  direction  of  the  publications  of 
the  Association  ;  manage  the  financial  affairs  of  the  Association  ;  arrange 
the  business  and  programs  for  General  Sessions ;  suggest  subjects  for 
discussion,  investigation  or  reports ;  elect  members  and  fellows  ;  and  re- 
ceive and  act  upon  all  invitations  extended  to  the  Association  and  report 
the  same  at  a  General  Session  of  the  Association.  The  Council  shall 
receive  all  reports  of  Special  Committees  and  decide  upon  them,  and  only 
such  shall  be  read  in  General  Session  as  the  Council  shall  direct.  The 
Council  shall  appoint  at  each  meeting  the  following  subcommittees  who 
shall  act,  subject  to  appeal  to  the  whole  Council,  until  their  successors 
are  appointed  at  the  following  meeting  :  i,  on  Papers  and  Reports:  2,  on 
Members  ;  3,  on  Fellows. 

Art.  19.  The  General  Committee  shall  consist  of  the  Council  and  one 
Member  or  Fellow  elected  by  each  of  the  Sections,  who  shall  serve  until 

(31) 


XXXll  CONSTITUTION. 

their  successors  are  elected .  It  shall  be  the  duty  of  the  Committee  to 
meet  at  the  call  of  the  President  and  elect  the  general  officers  for  the  fol- 
lowing meeting  of  the  Association.  It  shall  also  be  the  duty  of  this  Com- 
mittee to  fix  the  time  and  place  for  the  next  meeting.  The  Vice  President 
and  Secretary  of  each  Section  shall  be  recommended  to  the  General  Com- 
mittee by  the  Sectional  Committee. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for 
one  week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote 
of  the  General  Committee,  and  the  preliminary  arrangements  for  each 
meeting  shall  be  made  by  the  Local  Committee,  in  conjunction  with  the 
Permanent  Secretary  and  such  other  persons  as  the  Council  may  designate. 

Art.  21.     A  General  Session  shall  be  held  at  10  o'clock,  a.m.,  on  the 
first  day  of  the  meeting,  and  at  such  other  times  as  the  Council  may  direct. 
Sections  and  Subsections. 

Art.  22.  The  Association  shall  be  divided  into  Sections,  namely  : — A, 
Mathematics  and  Astronomy ;  B,  Physics;  C,  Chemistry^  including 
its  application  to  Agriculture  and  the  Arts  ;  D,  Mechanical  Science  and 
Engineering  ;  E,  Geology  and  Geography ;  F,  Zoology ;  G,  Botany  ; 
H,  Anthropology  ;  I,  Social  and  Economic  Science,  K,  Physiology  and 
Experimental  Medicine.  The  Council  shall  have  power  to  consolidate 
any  two  or  more  Sections  temporarily,  and  such  consolidated  Sections 
shall  be  presided  over  by  the  Senior  Vice  President  and  Secretary  of 
the  Sections  comprising  it. 

Sectionai,  Committees. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  members  or  fellows  elected  by  ballot  after  open  nomination,  who, 
with  the  Vice  President  and  Secretary  and  the  Vice  President  and  Secre- 
tary of  the  preceding  meeting,  shall  form  its  Sectional  Committee.  The 
Sectional  Committees  shall  have  power  to  fill  vacancies  in  their  own  num- 
bers. Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a 
General  Session.  The  Sectional  Committee  may  invite  distinguished 
Foreign  Associates  present  at  any  meeting  to  serve  as  Honorary  members 
of  said  Committee, 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  tempK>rary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

(32) 


CONSTITUTION.  ZZXllI 

Art.  25.  No  paper  shall  be  read  in  any  Section  or  Subsection  until  it 
has  been  placed  on  the  program  of  the  day  by  the  Sectional  Committee. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  programs 
and  give  them  to  the  Permanent  Secretary  for  printing  at  the  earliest 
moment  practicable.  No  titles  of  papers  shall  be  entered  on  the  daily 
programs  except  such  as  have  passed  the  Committee.  No  change  shall  be 
made  in  the  program  for  the  day  in  a  Section  without  the  consent  of  the 
Sectional  Committee.  The  Sectional  Committees  may  refuse  to  place  the 
title  of  any  paper  on  the  program  ;  but  every  such  title,  with  the  abstract 
of  the  paper  or  the  paper  itself,  must  be  referred  to  the  Council  with  the 
reasons  why  it  was  refused.  The  Sectional  Committee  shall  also  make 
nominations  to  the  General  Committee  for  Vice  President  and  Secretary 
of  their  respective  Sections  as  provided  for  in  Article  19. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  Sections,  and  they  shall  not  place  on  the  program 
any  paper  inconsistent  with  the  character  of  the  Association  ;  and  to  this 
end  they  have  power  to  call  for  any  paper,  the  character  of  which  may 
not  be  sufficiently  understood  from  the  abstract  submitted. 
Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Secretary  of 
the  proper  Section  or  to  the  Permanent  Secretary,  as  early  as  possible, 
and  when  practicable  before  the  convening  of  the  Association,  full  titles 
of  all  the  papers  which  they  propose  to  present  during  the  meeting,  with 
a  statement  of  the  time  that  each  will  occupy  in  delivery,  and  also  such 
abstracts  of  their  contents  as  will  give  a  general  idea  of  their  nature  ;  and 
no  title  shall  be  considered  by  a  Sectional  Committee  until  an  abstract  of 
the  paper  or  the  paper  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  when  called  upon  in 
the  regular  order  of  the  official  program,  the  title  may  be  dropped  to  the 
bottom  of  the  list. 

Art.  30.     Whenever  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters  but  such  reports  shall  not  appear  in  print  as  the  official 
re|X)rts  of  the  Association  unless  revised  by  the  Secretaries. 
Printed  Proceedings. 

Art.  31.     The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
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meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as 
possible,  beginning  one  month  after  adjournment.  Authors  must  pre- 
pare their  papers  or  abstracts  ready  for  the  press,  and  these  must  be  in  the 
hands  of  the  Secretaries  of  the  Sections  before  the  final  adjournment  of 
the  meeting,  otherwise  only  the  titles  will  appear  in  the  printed  volume. 
The  Council  shall  have  power  to  order  the  printing  of  any  paper  by  ab- 
stract or  title  only.  Whenever  practicable,  proofs  shall  be  forwarded  to 
authors  for  revision.  If  any  additions  or  substantial  alterations  are  made 
by  the  author  of  a  paper  after  its  submission  to  the  Secretary,  the  same 
shall  be  distincth'  indicated.  Illustrations  must  be  prov-ided  for  by  the 
authors  of  the  papers,  or  by  a  special  appropriation  from  the  Council. 
Immediately  on  publication  of  the  volume,  a  copy  shall  be  forwarded  to 
every  member  and  fellow  of  the  Association  who  shall  have  paid  the 
assessment  for  the  meeting  to  which  it  relates,  and  it  shall  also  be  offered 
for  sale  by  the  Permanent  Secretary  at  such  price  as  may  be  determined 
by  the  Council.  The  Council  shall  also  designate  the  institutions  to 
which  copies  shall  be  distributed. 

Local  Committee. 
Art.  32.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the  pro- 
posed meeting.  It  is  expected  that  the  Local  Committee,  assisted  by  the 
officers  of  the  Association,  will  make  all  essential  arrangements  for  the 
meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least  one 
month  before  the  meeting. 

Library  of  the  Association. 
Art.  33.  All  books  and  pamphlets  received  by  the  Association  shall 
be  in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make  good 
any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the  Secre- 
tary at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circulation  must  be  returned  at  each  meeting.  Not  more  than  five 
books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be  held 
at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld  from 
circulation  by  order  of  the  Council.     [The  Library  of  the  Association 
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was,  by  vote  of  the  Council  in  1895,  placed  on  deposit  in  the  Library  of 
the  University  of  Cincinnati,  Ohio.  Members  can  obtain  the  use  of 
books  by  writing  to  the  Librarian  of  the  University  Library,  Cincinnati, 
Ohio.] 

Admission  Fek  and  Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars  in 
addition  to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  35.  The  annual  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member,  and  as 
such,  shall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall  be 
invested  as  a  permanent  fund,  the  income  of  which,  during  the  life  of  the 
member,  shall  form  a  part  of  the  general  fund  of  the  Association  ;  but, 
after  his  death,  shall  be  used  only  to  assist  in  original  research,  unless 
otherwise  directed  by  unanimous  vote  of  the  Council. 

Art.  37.  All  fees  and  assessments  must  be  paid  to  the  Permanent 
Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 
Art.  38.    The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Council. 

Alterations  of  the  Constitution. 
Art.  39.     No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 
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PATRONS." 

Thompson,  Mrs.  Euzabeth,  Stamford,  Conn.  (22).     (Died  July,  1899.) 
Lii^LY,  Gen.  William,  Mauch  Chunk,  Pa.  (28).     (Died  Dec.  i,  1893.) 
Herrman,  Mrs.  Esther,  59  West  56th  St.,  New  York,  N.  Y.  (29). 
McMiLLiN,  Emerson,  40  Wall  St.,  New  York,  N.  Y.  (37). 

MEMBERS.^ 

Abbott,  Charles  G.,  Smithsonian  Institution,  Washington,  D.  C.  (49)  B 

Abraham,  Abraham,  Brooklyn,  N.  Y.  (43). 

Abraham,  Walter  D.,  1833  Venango  St.,  Tioga,  Philadelphia,  Pa.  (47). 

Adams,  Comfort  A.,  13  Farrar  St.,  Cambridge,  Mass.  (47). 

Adams,  C.  E.,  M.D.,  29  West  Broadway,  Bangor,  Me.  (43).  F 

Adams,  Edward  Dean,  35  Wall  St.,  New  York,  N.  Y.  (49). 

Adler,  I.,  M.D.,  12  E.  6oth  St.,  New  York,  N.  Y.  (49). 

Aldis,  Owen  F.,  230  Monadnock  Block,  Chicago,  111.  (41).  H 

Aley,  Robert  J.,  Indiana  Univ.,  Bloomington,  Ind.  (49). 

Alford,  William  V.,  Garrettsville,  Ohio  (48).  EH 

'  The  numbers  in  parentheses  indicate  the  meeting  at  which  the  member  was 
elected.  The  black  letters  at  the  end  of  line  indicate  the  sections  to  which  mem- 
bers belong.  The  constitution  requires  that  the  names  of  all  members  two 
years  in  arrears  shall  be  omitted  from  the  list,  but  their  names  will  be  restored 
on  payment  of  arrearages.  Members  not  in  arrears  are  entitled  to  the  annual  vol- 
ume of  Proceedings  bound  in  paper.  The  payment  of  ten  dollars  at  one  time  entitles  a 
member  to  the  subsequent  volumes  to  which  he  may  be  entitled,  bound  in  cloth^  or  by  the 
payment  of  twenty  dollars,  to  such  volumes  bound  in  half  morocco. 

3  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are 
classed  as  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publi- 
cations. 

The  names  of  Patrons  are  to  remain  permanently  on  the  list. 

«  Any  Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty 
dollars.  The  income  of  the  money  derived  from  a  life  membership  is  used  for  the 
general  purposes  of  the  Association  during  the  life  of  the  member;  afterwards  it  is 
to  be  used  to  aid  in  original  research.  Life  Members  are  exempt  from  the  annual 
assessment,  and  are  entitled  to  the  annual  volume.  The  names  of  Life  Members  arc 
printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 
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Allderdice,  Wm.  H.,  Lieut.   U.  S.  Navy,  care  Navy   Dep't,  Washington, 

D.  C.  (33).  D 
Allen.  C.  L.,  Floral  Park,  N.  Y.  (49). 
Allen,  Frank,  315  Dryden  Road,  Ithaca,  N.  Y.   (49).  B 
Allen,  J.  M.,  Hartford,  Conn.  (22).  D 

Allen,  John  Robins,  18  S.  Ingalls  St.,  Ann  Arbor,  Mich.   (45).  B  D 
Allen,  Richard  H.,  Chatham,  Morris  Co.,  N.  J.   (49). 
Allen,  Walter  S.,  34  S.  Sixth  St.,  New  Bedford,  Mass.  (39).  C  I 
Alspach,  E.  F.,  455  West  Sixth  Ave.,  Columbus,  O  (48).  H 
Amundson,  John  A.,  146  Broadway,  New  York,  N.  Y.   (49). 
Anderson,  A.  J.  C,  127  Water  St.,  New  York,  N.  Y.  (49). 
Anderson,  Prof.  Douglas  S.,  University,  Miss.   (49).  B  D 
Anderson,  Frank  P.,  Epworth,  Iowa  (46). 
Andrews,  E.  R.,  Rochester,  N.  Y.  (41). 
Andrews,  Wm.  C,  Columbia  Univ.,  New  York,  N.  Y.  (46). 
Anthony,  Mrs.  Emilia  C,  Gouvemeur,  St.  LawTence  Co.,  N.  Y.  (47).  G 
Anthony,  Richard  A.,  122-124  Fifth  Ave.,  New  York,  N.  Y.  (49). 
Appleton,  Rev.  Edw.  W.,  D.D.,  Ashbourne,   Montgomery  Co.,  Pa.  (28). 
Arnold,  Mrs.  Francis  B.,  loi  W.  78th  St.,  New  York,  N.  Y.  (49). 
Ashe,  W.  Willard,  Consulting  Forester,  Raleigh,  N.  C.  (47). 
Aspinwall,  John,  339  Broadway,  New  York,  N.  Y.  (49). 
Atkins,  Prof.  Martin  D.,  Agricultural  College,  Mich.  (48).  B 
Atkinson,  Jno.  B.,  Earlington,  Hopkins  Co.,  Ky.  (26).  D 
Austin,  Dr.  George  M.,  Wilmington,  Ohio  (48).  E  F 
Avery,  Samuel  P.,  4  E.  38th  St.,  New  York,  N.  Y.  (36). 
Ayer,  Edward  Everett,  Room  12,  The  Rookery,  Chicago,  111.  (37).  H 
Ayers,  Howard,  Univ.  of  Cincinnati,  Cincinnati,  Ohio.  (49). 
Ayres,  Horace  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.  (40). 
Bagg,  Rufus  Mather,  Jr.,  Ph.D.,  Box  731,  Colorado  Springs,  Col.  (49). 
Baker,  A.  G.,  Springfield,  Mass.  (44). 
Baker,  Frederic,  815  Fifth  Ave..  New  York,  N.  Y.   (49). 
Baker,  Orland  Merriam,  Dartmouth  Terrace,  Springfield,  Mass.  (44). 
Balch,  Samuel  W.,  41  Wall  St.,  New  York,  N.  Y.  (43). 
Baldwin,  Mrs.  G.  H.,  3  Madison  Ave.,  Detroit,  Mich.   (34).  H 
Baldwin,  Herbert  B.,  906  Broad  St.,  Newark,  N.  J.  (43). 
Ball,  Carleton  R.,  U.  S.  Dep't  Agric,  Washington,  D.  C.   (49).  G 
Ball,  Emma  L.,  207  West  Eighth  Ave.,  Columbus,  Ohio  (48). 
Balliet,  Thomas  M.,  Supt.  of  Schools,  Springfield,  Mass.  (48).  I  H 
Bangs,  Lemuel  Bolton,  M.D.,  127  E.  34th  St.,  New  York,  N.  Y.  (36). 
Barber,  Amzi  L.,  11  Broadway,  New  York,  N.  Y.   (49). 
Barge, B.  F.,  Mauch  Chunk,  Pa.  (33). 

Barker,  Mrs.  Martha  M.,  26  Eleventh  St.,  Lowell,  Mass.  (31).  EH 
Barnes,  Albert,  Clemson  College,  S.  C.  (49).  D 
Barnes,  Edward  W.,  Box  446,  New  York,  N.  Y.  (49). 
Barnhart,  Arthur  M.,  185  Monroe  St.,  Chicago,  111.  (42). 
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Barnhart,  John  H.,  A.M.,  M.D.,  Tarrytown,  N.  Y.  (49).  G 

Bame,  Dr.  George,  1629  Fourteenth  St.,  N.  W.,  Washington,  D.  C.  (49).  I 

Barrows,  Franklin  W.,  M.D.,  45  Park  St.,  Buffalo,  N.  Y.  (47).  F 

Bartow,  Edward,  Ph.D.,  Kansas  State  University,  Lawrence,  Kan.  (47)  C 

Barwell,  John  William,  Waukegan,  111.  (47). 

Bashore,  Dr.  Harvey  B.,  West  Fairview,  Pa.  (46).  E 

Bates,  Miss  Octavie  Williams,  A.B.,  LL.M.,  53  Bagg  St.,  Detroit,  Mich. 

(47).  I 
Batterson,  J.  G.,  Hartford,  Conn.  (23). 
Bausch,  Henry,  P.  O.  Drawer  1033,  Rochester,  N.  Y.  (41). 
Baxter,  James  N.,  care  H.  E.  and  C.  Baxter,  cor.  Division  and  Bedford  Sts., 

Brooklyn,  N.  Y.  (36). 
Bean,  Thos.  E.,  Box  441,  Galena,  111.  (28).  F 
Becher,  Franklin  A.,  406  Irving  Place,  Milwaukee,  Wis.  (41).  I  A 
Beck  with,  Miss  Florence,  394  Alexander  St. ,  Rochester,  N.  Y.  (45).  G 
Beekman  Gerard,  47  Cedar  St.,  New  York,  N.  Y.  (49). 
Bell,  C.  M.,  M.D.,  320  Fifth  Ave.,  New  York,  N.  Y.  (36). 
Benedict,  James  H.,  14  E.  70th  St.,  New  York,  N.  Y.  (49). 
Bennett,  Henry  C,  256  W.  42d  St.,  New  York,  N.  Y.  (43). 
Bennett,  Rev.  N.  E.,  Wilmington,  Ohio  (47).  A 
Bennett,  Prof.  William  Z.,  Univ.  of  Wooster,  Wooster,  Ohio  (48).  C 
Benneville,  James  S.  de.  University  Club,  1510  Walnut  St.,  Philadelphia, 

Pa.  (46).  C 
Benson,  Franks.,  214  Columbia  Heights,  Brooklyn,  N.  Y.  (49). 
Bentley,  Wilson  A.,  Nashville,  Vt.  (48). 

Bergey,  David  H.,  S.  E.  cor.  34th  and  Locust  Sts,  Philadelphia,  Pa.  (48). 
Berkeley,  Wm.  N.,  Box  65,  San  Juan,  Porto  Rico  (49). 
Bermann,  I.,  M.D.,  loiol  St.,  N.  W.,  Washington,  D.  C.  (49).  H 
Bemheimer,  Charles  L.,  43  E.  63rd  St.,  New  York,  N.  Y.  (49)- 
Berry,  John  Wilson,  C.E.,  Pittston,  Pa.  (47).  ABDEI 
Bessey,  Ernst  A.,  U.  S.  Dep't  Agric,  Washington,  D.  C.  (49). 
Bevier,  Miss  Isabel,  Univ.  of  Illinois,  Champaign,  111.  (46).  C 
Beyer,  Samuel  W.,  Iowa  Agricultural  College,  Ames,  la.  (47).  E 
—Bickford,  Miss  Elizabeth  E.,  Ph.D.,  Vassar  College,  Poughkeepsie,  N.  Y. 

(46).  F 
Biddle,  James  G.,  944  Drexel  Building,  Philadelphia,  Pa.  (33). 
Bien,  Julius,  140  Sixth  Ave.,  New  York,  N.  Y.  (34).  £  H 
Bierly,  Prof.  H.  E.,  State  Seminary,  Tallahassee,  Fla.  (49).  H 
Bigelow,  Edward  F.,  Editor  of  Popular  Science,  Stamford,  Conn.  (49). 
Biggar,  Hamilton  F.,  M.D.,  176  Euclid  Ave.,  Cleveland,  Ohio  (40).  B  F 
Bishop,  Heber  R.,  Mills  Building,  New  York,  N.  Y.  (36). 
Bitting,  Prof.  A.  W.,  Purdue  Univ.,  Lafayette,  Ind.  (46). 
Blackmore,  Henry  S.,  206  S.  9th  Ave.,  Mount  Vernon,  N.  Y.  (49). 
Blair,  Mrs.  Eliza  N.,  Manchester,  N.  H.  (40). 
Blake,  Edwin  Mortimer,  230  Washington  Ave.,  Brooklyn,  N.  Y.  (43). 
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Blakeman,  Mrs.  Birdseye,  9  E.  44th  St.,  New  York,  N.  Y.   (49). 

Bush,  W.  G.,  Niles,  Mich.  (33).  B  D 

Bliss,  Charles  B.,  Ph.D.,  The  Elmer  Gates  Laboratory  of  Psychology  and 
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Boutwell,  John  Mason,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (46).  S 
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Whiting,  Mrs.  Francis,  914  W.  Lafayette  St.,  Norristown,  Pa.  {40). 
Whiting,  S.  B.,  11  Ware  St.,  Cambridge,  Mass.  (33).  D 
Whitney,  Willis  Rodney,  29Fairmount,  Jamestown,  N.  Y.  (46).  C 
Whittemore,  Willliams  C,  1526  N.  H.  Ave.,  Washington,  D.  C.  (49). 
-Wiegand,  Karl  McKay,  Ithaca,  N.  Y.  (45).  G 
Wilbour,  Mrs.  Charlotte  B.,  Little  Compton,  R.  I.  (28). 
Wilcox,  Miss  Emily  T.,  Meriden,  Conn.  (33).  BA 
Williams,  Charles  B.,  Raleigh,  N.  C.  (47). 

Williams,  Mrs.  Lydia  P.,  410  So.  9th  St.,  Minneapolis,  Minn.  (49).  I 
Williamson,  G.  A.,  14  Dey  St.,  New  York,  N.  Y.  (49). 
Williamson,  Mrs.  M.  Burton,  1060  W.  Jefferson  St.,  Los  Angeles,  Cal. 

(44).  F 
WiLMARTH,  Mrs.  Henry  D.,  51  Eliot  St.,  Jamaica  Plain,  Mass.  (40). 
Wilson,  Prof.  Andrew  G.,  Lenox  College,  Hopkinton,  Iowa  (43).  E 
Wilson,  John  C,  Cosmos  Club,  Washington,  D.  C.  (49).  I 
Windsor,  Sarah  Sweet,  A.B.,  M.D.,  138  Marlborough  St.,  Boston,  Mass. 
(47).  FH 

(63) 


Ixiv  INCORPORATED  SCIENTIFIC  BODIES. 

Wingate,  Miss  Hannah  S.,  15  W.  129th  St.,  New  York,  N.  Y.  (31).  EI 
Witmer,  Dr.  Lightner,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (46).  H 
Wolcott,  Mrs.  Henrietta  L.  T.,  Dedham,  Mass.  (29), 
Wolf,  August  S.,  Examiners'  Room,  Equitable  Life  Assurance  Society, 

120  Broadway,  New  York,  N.  Y.  (49). 
Wolfif,  Frank  A.,  Jr.,  Ph.D.,  1028  Vermont  Ave.,  N.  W.,  Washington, 

D.  C.  (47).  B 
Wood,  Mrs.  Cynthia  A.,  171  W.  47th  St.,  New  York,  N.  Y.  (43). 
Wood,  Miss  Elvira,  198  Adams  St.,  Waltham,  Mass.  (47). 
Wood,  Rob't  Williams,  237  Langdon  St.,  Madison,  Wis.  (46). 
Wood,  Walter,  400  Chestnut  St.,  Philadelphia,  Pa.  (33).  FI 
Woodbury,  Charles  T.,  North  Andover,  Mass.   (47).  C 
Woods,  John  A.,  120  Broadway,  New  York,  N.  Y.  (49). 
Woodward,  Anthony,  Ph.D.,  Amer.   Mus.  Nat.  History,  Central  Park, 

New  York,  N.  Y.  (49). 
Woodworth,  R.  S.,  Ph.D.,  BellevueMed.  School,  26th  St.  and  First  Ave., 

New  York,  N.  Y.  (49). 
Worcester,  Dean  C,  Ann  Arbor,  Mich.  {46).  FH 
Wright,  Jonathan,  M.D.,  73  Remsen  St.,  Brooklyn,  N.  Y.  (43). 
Wright,  Rufus,  19  N.  May  St.,  Chicago,  111.  (37).  B 
WUNDERLICH,  Frederick  W.,M.D.,  165  Remsen  St.,  Brooklyn,  N.  Y. 

(45). 
Wiirtele,  John  Hunter,  Acton  Vale,  P.  Q.,  Can.  (48). 
Yendell,  Paul  S.,  Winter  St.,  Dorchester,  Mass.  (47).  A 
Youmans,  Mrs.  Celia  G.,  Mount  Vernon,  N.  Y.  (36). 
Youmans,  Vincent  J.,  Mount  Vernon,  N.  Y.  (43). 

INCORPORATED  SCIENTIFIC  BODIES. 

[Holding  membership  under  the  provisions  of  Article  3  of  the  Constitu- 
tion.] 
Manchester  Institute  of  Arts  and  Sciences,  Manchester,  N.  H.  (48).  • 


[1054  Patrons  and  Members.] 
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SURVIVING  FOUNDERS. 

[At  the  Brooklyn  Meeting,  1894,  a  resolution  was  unanimously  adopted 
by  which  all  the  surviving  founders  of  the  Association  who  have  maintained 
an  interest  in  science  were  made  Honorary  Life  Members  of  the  Associa- 
tion in  recognition  of  their  pioheer  work  in  American  Science.  ] 

Abbot,  Samuel  L.,  Boston,  Mass. 
BoYfe,  Martin  H.,  Coopersburg,  Pa. 
GiBBS,  W01.COTT,  Newport,  R.  I. 
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HONORARY  FELLOWS.* 

Rogers,  Prof.  William  B.,  Boston,  Mass.  (i).  1881.  (Born Dec.  7, 1804. 

Died  May  30,  1882.)  BE 
Chevreul,  Michel  Eugene,  Paris,  France.  (35).  1886.  (Bom  Aug.  31, 

1786.  Died  April  9.  1889.)  C 
Genth,  Dr.  F.  A.,  Philadelphia,  Pa.     (24).    1888.    (Bom  May  17,  1820. 

Died  Feb.  2,  1892.)  CE 
Hall,  Prof.  James,  Albany,  N.  Y.  (i).  1890.  (Born  in  1811.  Died  Aug. 

7.1898.) 
Gould,  Dr.  Benjamin  Apthorp,  Cambridge,  Mass.    (2).    1895.  (Bom 

Sept.  27,  1824.  Died  Nov.  26,  1896. )  A  B 
Leuckart,  Prof.  Rudolf.    (44).    1895.    (Born  in  Helmstedt,  Braun- 
schweig, Geraiany,  Oct.  7,  1823.  Died  in  Leipzig,  Feb.  7, 1898. )  P 
GiBBS,  Prof.  Wolcott,  NewTX)rt,  R.  I.  (i).  1896.  CB 
Warington,  Robert,  F.  R.  S.,  Rothamsted,  Harpenden,  England  (40). 

1899.  C 

FELLOWS.' 

Abbe,  Prof.  Cleveland,  Meteorologist,  Weather  Bureau,  U.  S.  Dep't.  Agr., 

Washington,  D.  C.   (16).   1874.  BA 
Abbe,  Cleveland,  Jr.,  Winthrop  Normal  and  Industrial  College  of  So.  Caro., 

Rock  Hill,  S.  C.   (44).  1899.  E 
Abbe,  Dr.  Robert,  II  W.  50th  St.,  New  York,  N.Y.  (36).  1892. 
Abbot,  Dr.  Samuel  L.,  90  Mt.  Vernon  St.,  Boston,  Mass.  (i ). 
Abert,  S.Thayer,  Metropolitan  Club,  Washington,  D.  C.  (30).  1891.  ABI 
Adriance,  John  S.,  105  E.  39th  St.,  New  York,  N.  Y.  (39).  1895.  C 
Alden,  John,  Pacific  Mills,  Lawrence,  Mass.   (36).   1898. 
Aldrich,  Wm.  S.,  Prof.  Electrical  Eng.,  Univ.  of  Illinois,  Champaign,  111. 

(43).  1897.  D 
Allen,  Dr.  T.  F.,  10  E.  36th  St.,  New  York,  N.  Y.  (35).   1887.  G 
Alvord,  Maj.  Henry  E.,  U.  S.  Dept.  Agr.,  Washington,  D.  C.   (29).  1882.  I 
Alwood,  Prof.  Wni.  B. ,  Agricultural  and  Mechanical  College  and  Experi- 
ment Station,  Blacksburg,  Va.  (39).  1891.  F 
Anderson,   Alexander  P.,  Clemson  Agric.  Coll.,  Clemson  College,  S.  C. 

(45).  1899.  G 
Andrews,  Prof.  Launcelot  W.,  Iowa  City,  Iowa.  (39).  1891.  C 
Anthony,  Prof.  Wm.  A.,  Cooper  Union,  New  York,  N.  Y.  (28).  1880.  B 
Arthur,  J.  C,  Lafayette,  Ind.  (21).   1883.  G 
Atkinson,  Edward,  31  Milk  St.,  Boston,  Mass.  ( 29).  1881.  I  D 
Atkinson,  George  F.,  Cornell  University,  Ithaca,  N.  Y.  (39).  1892.  G 
Atwater,  Prof.  W.  O.,  Wesleyan  Univ.,  Middletown,  Conn.  (29).  1882.  C 

1  See  Article  VI  of  the  Constitution.       2  see  Article  IV  of  the  Constitution. 

%*  The  number  in  parenthesis  indicates  the  meeting:  at  which  the  member  joined 
the  Association  ;  the  date  following  is  the  year  when  made  a  Fellow;  the  black  let- 
ters at  end  of  line  are  those  of  the  sections  to  which  the  Fellow  belongs. 

When  the  name  is  given  in  small  capitals,  it  designates  that  the  Fellow  is  also  a 
Life  Member. 
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At  well,  Charles  B.,  1938  Sherman  Ave.,  Evanston,  111.  (36).  1890.  G 
Auchincloss,  Wm.  S.,  1208  Perkioraen  Ave.,  Reading,  Pa.  (29).  1886.  DA 
Austen,  Prof.  Peter  T.,  99  Livingston  St.,  Brooklyn,  N.  Y.  (44).  1896.  C 
Avery,  Elroy,  M.,  Ph.D.,   LL.D.,  657  Woodland  Hills  Ave.,  Cleveland, 

Ohio  (37).  1889.  B 
Ayres,  Prof.  Brown,  Tulane  University,  New  Orleans,  La.  (31).  1885.  B 
Babcock,  Prof.  S.  Moulton,  432  Lake  St.,  Madison,  Wis.  (33).  1885.  C 
Bailey,  E.  H.  S.,  Lawrence,  Douglass  Co.,  Kan.  (25).  1889.  CE 
Baker,  Frank  M.D.,  1728  Columbia  Road,  Washington,  D.  C.  (31).  1886. 

FH 
Baker,  Marcus,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (30).  1882.  A 
Baldwin,  Prof.  J.  Mark,  Princeton,  N.  J.  (46).  1898.  H 
Baldwin,  S.  Prentiss,  736  Prospect  St.,  Cleveland,  Ohio  (47).  1900.  E 
Ballard,  Harlan  H.,  50  South  St.,  Pittsfield,  Mass.  (31).  1891.  EF 
Bangs,  Outram,  240  Beacon  St.,  Boston,  Mass.  (47).  1900.  F 
Barbour,  Prof.   Erwin  Hinckley,  The  Univ.  of  Nebraska,  Lincoln,  Nebr. 

(45).  1898.  E 
Barker,  Prof.  G.  F.,  3909 Locust  St.,  Philadelphia,  Pa.  (13).  1875.  BC 
Barnard,  Edward  E.,  Yerkes  Observatory,  Williams  Bay  P.  O.,  Wis.  (26). 

1883.  A 
Barnes,  Chas.  Reid,  Ph.D.,  Univ.  of  Chicago,  Chicago,  111.  (33).  1885.  G 
Bamum,  Miss  Charlotte  C,  Ph.D.,  1828  Mt.  Vernon  St.,  Philadelphia,  Pa. 

(36).  1896.  A 
Barrows,  Walter  B.,  Agricultural  College,  Ingham  Co.,  Mich.  (40).  1897.  F 
Bartlett,  Prof.  Edwin  J.,  Dartmouth  College,  Hanover,  N.  H.  (28).  1883. 

C 
Bartlett,  John  R.,  Captain  U.  S.  N.,  Lonsdale,  R.  I.  (30).  1882).  EB 
Bartley,  EliasH.,  M.D.,  21  Lafayette  Ave.,  Brooklyn,  N.  Y.  (33).  1894.  C 
Barton,  G.  E..  212  North  3d  St.,  Millville,  N.  J.  (46).  1898.  C 
Barton,  George  Hunt,  16  Lexington  Ave.,  Cambridge,   Mass.  (47).  1900. 
Barton,  Samuel  M.,  Ph.D.,  The  Univ.  of  the  South,  Sewanee,  Tenn.  (43). 

1899.  A 

Barus,  Carl,  Ph.D.,  Wilson  Hall,  Brown  Univ.,  Providence,  R.  I.  (33). 

1887.  B 
Bascom,  Miss  Florence,  Bryn  Mawr  College,  Byrn  Mawr,  Pa.  (42).  1897. 

E 
Baskerville,  Charles,  Univ.  of  North  Carolina,  Chapel  Hill,  N.  C.  (41). 

1894.  CE 
Bassett,  Homer  F.,  Waterbury,  Conn.  (23).  1874.  F 
Bauer,  Louis  A.,  Ph.D.,  U.  S.   C.  and  G.  Survey,   Washington,  D.  C. 

(40).   1892).  A 
Bausch,  Edw.,  P.  O.  Drawer  1033,  Rochester,  N.  Y.  (26).  1883.  ABCF 
Beach,   Spencer  Ambrose,  N.  Y.   Exper.  Station,  Geneva,  N.  Y.  (41). 

1900.  6 

Beal,  Prof.  Wm.  James,  Agric.  College,  Ingham  Co.,  Mich.  (17).  1880.  G 
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Beardsley,  Prof.  Arthur,  C.E.,  Ph.D.,  Swarthmore  College,  Swarthmore^ 

Del.  Co.,  Pa.  (33).  1885.  D 
Becker,  Dr.  Geo.  F.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (36).  1890. K 
Bedell,  Frederick,  Ph.D.,  Cornell  University,  Ithaca,  N.  Y.  (41).  1894.  BA. 
Bell,  Alex.  Melville,  1525  35th  St.,  Washington,  D.  C.  (31).  1885.  H 
Bell,  Robert,   M.D.,  LL.D.,  F.R.S.,  Geol.  Sur\ev,   Ottawa,  Can.  (38). 

1889.  EF 

Beman,  Wooster  W.,  813  E.  Kingsley  St.,  Ann  Arbor,  Mich.  (34).  1886.  A. 
Benjamin,  Marcus,  Smithsonian  Institution,   Washington,  D.  C.  (27). 

1887.  C 

Benjamin,  Rev.  Raphael,  M.A.,  Hotel  Premier,  E.  72nd  St.,NewYork^ 
N.Y.  (34).  1887.  EFGH 

Benneson,  Miss  Cora  Agnes,  A.M.,  LL.B.,  4  Mason  St.,  Cambridge,  Mass* 
(47).  1899.  IH 

Bessey,  Charles  Edwin,  Ph.D.,  LL.D.,  Univ.  of  Nebraska,  Lincoln,  Nebr» 
(21).  1880.  G 

Bethune,  Rev.  C.  J.  S.,  500  Dufferin  Ave.,  London,  Ontario,  Can.  (18)* 
1875.  F 

Bickmore,  Prof.  Albert  S.,  Amer.  Mus.  Nat.  History-,  Central  Park,  New- 
York,  N.  Y.  (17).   1880.  H 

Bigelow,  Prof.  Frank  H.,  U.  S.  Weather  Bureau,  Washington,  D.  C.  (36). 

1888.  A 

BiXBY,  Major  W.  H.,  Corps  of  Eng.,  U.  S.  Eng.  Office,  U.  S.  A.,  Cincin- 
nati, Ohio.  (34).  1892.  D 
Blair,  Andreiv-  A.,  406  Locust  St.,  Philadelphia,  Pa.  (44).  1896.  C 
Blake,   Clarence  J.,   M.D.,    226  Marll)orough  St.,    Boston,   Mass.  (24)* 

1877.      B  F 
Blake,  Francis,  Aubumdale,  Mass.  (23).  1874.  BA 

Bleile,  Albert  M.,  M.D.,  State  University,  Columbus,  Ohio  (37).  1896.  F 
Blue,  Archibald,  Director  of  the  Bureau  of  Mines,   Toronto,    Can.  (35)- 

1890.  I 

Bodine,  Prof.  Donaldson,  Wabash  College,  Crawfordsx-ille,  Ind.  (45).  1899* 

EF 
Bogert,  Marston  Taylor,   Havemeyer  Hall,   Columbia  Univ.,  New  York^ 

N.  Y.  (47).  1900.  C 
Bohannan,  Prof.  Rosser  D.,  Ohio  State  Univ.,  Columbus,  Ohio  (46).  1898. 

A 
Bolley,  Henr>'  L.,  Agricultural  College,  No.  Dakota  (39).  1892.  G 
Bolton,  Dr.   H.  Car rington,  Cosmos  Club,  Washington,   D.  C.  (17). 

1875.  c 
Bond,  Geo.  M.,  care  of  The  Pratt  &  Whitney  Co.,   Hartford.  Conn.  (33)^ 

1885.  D 
Bookman,  Samuel,  Ph.D.,  9  E.  62nd  St.,  New  York,  N.  Y.  (47).  1900.  C 
Booth,  Miss  Mary  A.,  60  Dartmouth  St.,   Springfield,  Mass.   1894.  (34)^ 

FIG 
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Bowditch,  Charles  P.,  28  State  St.,  Boston,  Mass.  (43).  1897.  H 
Bowditch,  Prof.  H.  P.,  Jamaica  Plain,  Mass.  (28).   1880.  F  B  H 
Bowser,  Prof.  B.  A.,  Rutgers  College,  New  Brunswick,  N.  J.  (28).  1881. 
Boyd,  James  B.,  Ohio  State  Univ.,  Columbus,  Ohio  (46).  1899.  B 
BOYE,  Martin  H.,  M.D.,  Coopersburg,  Lehigh  Co.,  Pa.  (i).  1896.  C 
Brace,  Prof.  D.  B.,  Univ.  of  Nebraska,  Lincoln,  Neb.  (48).  1900. 
Brackett,  Richard  N.,Clemson College,  S.  C.  (37).  1891.  CE 
Bradford,  Royal  B.,  Commander  U.  S.  N.,  care  Navy  Dep't,  Washington, 

D.  C.  (31).  1891.  BD 
Branner,  Prof.  John  C,  Stanford  University,  Cal.  (34).   1886.  E  F 
Brashear,  Jno.  A.,  Allegheny,  Pa.   (33).   1885.  A  B  D 
Brewer,  Prof.  Wm.  H.,  418  Orange  St.,  New  Haven,  Conn.  (20).  1875. 

EFI 
Bristol,  Wm.  H.,  Stevens  Institute-,  Hoboken,  N.  J.   (36).  1894.  A  B  D 
'Britton,  N.  L.,  Ph.D.,  N.  Y.  Botanical  Garden,  Bronx  Park,  New  York, 

N.  Y.  (29).  1882.  GE 
Brooks,  Wm.  R.,  D.Sc,  Director  Smith  Observ. ,  Geneva,  N.  Y.  (35).  1886. 

ABD6 
Brown,  Robert,  care  of  Yale  Univ.  Observ.,  New  Haven,  Conn.  (11).  1874. 

A 
Brown,  Mrs.  Robert,  New  Haven,  Conn.  (17).  1874. 
Briihl,  Gustav,  cor.  John  and  Hopkins  Sts.,  Cincinnati,  Ohio.  (28).  1886. 

H 
Brush,  Charles  F.,  The  Arcade,  Cleveland,  Ohio.  (35).  1886.  B 
Brush,  Prof.  George  J.,  Yale  Univ.,  New  Haven,  Conn.  (4).  1874.  CE 
Bryan,  Prof.  William  L.,  Indiana  Univ.,  Bloomington,  Ind.  (49).  1900.  H 
Buckhout,  W.  A.,  State  College,  Centre  Co.,  Pa.  (20).  1881.  F 
Bull,  Prof.  Storm,  Madison,  Wis.  (44).  1897.  D 
-Bumpus,  Prof.  H.  C,  Brown  Univ.,  Providence,  R.  I.  (49).  1900. 
Burgess,  Dr.  Thomas  J.  W.,  Med.  Sup't  Protestant  Hospital  for  the  In- 
sane, Montreal,  Can.  (38).  1889.  G 
Burr,  Prof.  William  H.,  Columbia  Univ.,  117th  St.  and  Boulevard,   New 

York,N.Y.  (31).  1883. 
Butler,  A.  W.,  Secretary  Board  of  State  Charities,  Indianapolis,  Ind.  (30). 

1885.  F  H 
Caldwell,  Prof.  Francis  C,  Ohio  State  University,  Columbus,  Ohio.  (46). 

1898.  B  D 
Caldwell,  Prof.  George  C,  Cornell  University,  Ithaca,  N.  Y.  (23).  1875.  C 
Calvin,  Prof.  Samuel,  State  Univ.  of  Iowa,  Iowa  City,   Iowa  (37).  1889. 

£F 
Canby,    William   M.,    iioi    Delaware  Avenue,    Wilmington,    Del.   (17). 

1878.  G 
Carhart,  Prof.  Henry  S.,  Univ.  of  Michigan,  Ann  Arbor,  Mich.  (29).  1881. 

B 
Carleton,  M.  A.,  U.  S.  Dep't  Agric,  Washington,  D.  C.   (42).  1894.  G 
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Carpenter,  Louis  G.,  Agric.  College,  Fort  Collins,  Col.  (32).  1889.  A  B 
Carter,  James  Madison  G.,  M.D.,  Waukegan,  111.  (39).  1895.  P 
Cams,  Paul,  Ph.D.,  La  Salle,  111.  (40).  1895.  H 
Casey,  Thomas  L.,  Major  of  Eng.  U.  S.  A.,  U.  S.  Engineer  Office,  Vicks- 

burg,  Miss.  (38).  1892.  DF 
Catlin,  Charles  A.,  133  Hope  St.,  Providence,  R.  I.  (33).  1895.     C 
Cattkll,  Prof.  James  McKeen,  Columbia  Univ.,  New  York,  N.Y.  (44). 

1896.  B  F  H  I 
Chaml)erlin,  T.  C,  5041  Madison  Ave.,  Chicago,  111.  (21).  1877.  SB  F  H 
Chandler,  Prof.  C.  F.,  School  of  Mines,  Columbia  Univ.,  New  York,  N.  Y. 

(19).   1875.  c 
Chandler,  Prof.  Charles  Henr\',  Ripon,  Wis.  (28).  1883.  A 
Chandler,  Seth  C,  16  Craigie  St.,  Cambridge,  Mass.  (29).   1882.  A 
Chanute,  O.,  413  E.  HuronSt.,  Chicago,  111.  (17).  1877.  DI 
Chase,  Frederick  L.,  Yale  Univ.  Observ.,  New  Haven,  Conn.  (43).  1896.  A 
Cheney,  I^llen  Sterling,  318  Bruen  St.,  Madison,  Wis.  (42).  1894.  6 
Chester,  Prof.  Albert  H.,  Rutgers  College,  New  Brunswick,  N.  J.  (29). 

1882.  OF 

Chester,  Captain  Colby  M.,  U.  S.  N.,  care  Navy  Dept.,  Washington,  D.  C. 

(28).   1897.  E 
Chickcriiig,  Prof.  J.  W.,  The  Portner.  Washington,  D.  C.  (22).  1877.  G I 
Child,  Clement  I).,  Colgate  Univ.,  Hamilton,  N.  Y.  (44).  1899.  B 
Chri.stie,  Jame.s,  Pencoyd,  Pa.  (33).  1894.  D 
Chute,  Horatio  N.,  Ann  Arl)or,  Mich.  (34).   1889.  BCA 
Clapp,  Mi.ss  Cornelia  M.,  Mt.  Holyoke  College,  South  Hadley,  Mass.  (31). 

1883.  F 

Clark,  Prof.  John  E.,  445  Orange  St. ,  New  Haven,  Conn.  (17).  1875.  A 
Clark,  Wm.  Bullock,  Ph.D.,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (37). 

1891.  E 
Clarke,  Prof.  F.  W.,  U.  S.  Geol.  Sur\ey,  Washington,  D.  C.  (18).  1874.  C 
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Cooley,  Prof.  Mortimer  E.,  Univ.  of  Mich.,  Ann  Arbor,  Mich.  (33).  1885.  D 
Corthell,  Elmer  L.,  27  Pine  St.,  New  York,  N.Y.  (34).  1886.  DIE 
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Dumble,  E.  T.,  1708  Prairie  Ave.,  Houston,  Tex.  (37).   1891.  E 
Dunham,  Edw.K.,  338  E.  26th  St.,  New  York,  N.Y.  (30).  1890. 
Dunnington,  Prof.  F.  P.,  University  Station,  Charlottesville,  Va.  (26). 

1880.  C 
DuPont,  Francis G.,  Wilmington,  Del.  (33).  1896.  ABD 
Durand,  Elias  J.,  D.S.,  402  Eddy  St.,  Ithaca,  N.  Y.  (41 ).  1899.  G 
Durand,  Prof.  W.  F.,  Ph.D.,  Cornell  Univ.,  Ithaca,  N.  Y.  (37).  1890.  B 
Durfee,  William  P.,  Ph.D.,  639  Main  St.,  Geneva,  N.Y.  (46).  1899.  A 
Dwight,  Prof.  William  B.,  Vassar  College,   Poughkeepsie,  N.  Y.    (30). 

1882.  £F 
Dyar,  Harrison  G.,  A.M.,  Ph.D.,  U.  S.  National  Museum,  Washington,  D. 

C.  (43).  1898. 

(72) 


FELLOWS.  Ixxiii 

Earle.F.S.,  Polytechnic  Inst.,  Auburn,  Ala.  (39).  1896.  6 

Eastman,  Charles  Rochester,  Mus.  Comp.  Zoology,   Cambridge,  Mass. 

(41).  1896.  EF 
Eastman,  Prof.  J.  R.,  Andover,  N.  H.  (26).  1879.  A 
Eccles,  Roberto.,  M.D.,  191  Dean  St.,  Brooklyn,  N.  Y.  (31).  1894.  F  C 
Eddy,  Prof.  H.T.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (24).  1875. 

ABD 
Edison,  Thos.  A.,  Orange,  N.  J.  (27).  1878.  B 
Egleston,  Prof.  Thomas,  35  W.  Washington  Square,  New  .York,  N.Y.  (27). 

1879.  CDE 
Eichelberger,  William  Snyder,  Ph.D.,  Nautical  Almanac  Office,  U.S.  Naval 

Observatory,  Washington,  D.  C.  (41).  1896.  A 
^  Eigenmann,  Carl  H.,  Bloomington,  Ind.  (48).  1899.  F 
Eimbeck,  William,  U.  S.  C.  and  G.  Survey,  Washington,  D.  C.  (17).  1874. 

ABD 
Elkin,  William  L.,  Yale  Univ.  Observ.,  New  Haven,  Conn.  (33).  1885.  A 
Ely,  Theo.  N.,  Chief  of  Motive  Power,   Pennsylvania  R.  R.,  Broad  St. 

Station,  Philadelphia,  Pa.  (29).  1886. 
Emerson,  Prof.  Benjamin  K.,  Box 203,  Amherst,  Mass.  (19).  1877.  EF 
Emerson,  Prof.  C.  F.,*  Box  499,  Hanover,  N.  H.  (22).  1874.  BA 
Emery,  Albert  H.,  Stamford,  Conn.  (29).  1884.  D  B 
Emmons,  S.  F.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (26).  1879.  E 
Engelman,  George  J.,  M.D.,  336  Beacon  St.,  Boston,  Mass.  (25).  1875- 

FH 
Ewell,  Ervin  E.,  1804  S  St.,  Washington,  D.  C.  (40).  1896.  C 
Eyerman,  John,  "Oakhurst,"  Easton,  Pa.  (33).  1889.  EC 
Fairbanks,  Henry,  Ph.D.,  St.  Johnsbury,  Vt.  (14).  1874.  BD  A 
Fairchild,  David  Grandison,  U.  S.  Dep't  Agric,  Washington,  D.  C.  (47). 

1898.  G 
Fairchild,  Prof.  H.  L.,  Univ.  of  Rochester,  Rochester,  N.  Y.  (28).  1883. 

EF 
Fanning,  John  T.,  Consulting  Engineer,  Kasota  Block,  Minneapolis  Minn. 

(29).  1885.  D 
Fargis,  Rev.  Geo.  A.,   S.J.,  Boston  College,  761  Harrison  Ave.,  Boston, 

Mass.  (40).  1892. 
Farlow,  Dr.  W.  G.,  24  Quincy  St.,  Cambridge,  Mass.  (20).  1875.  G 
Farquhar,  Henry,   U.  S.  Dep't  Agric,  Washington,  D.  C.  (33).  1886. 

AIGB 
Fassig,  Oliver  Lanard,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (46).  1899. 

B 
Felt,  Dr.  Ephraim  Porter,  State  Entomologist,  Albany,  N.  Y.  (44).  1899. 

F 
Fernow,  Bemhard,  E.,  Director  N.  Y.  S.  Coll.  of  Forestry,  Cornell  Univ., 

Ithaca,  N.  Y.  (31).  1887.  61 
Ferry,  Ervin  S.,  University  of  Wisconsin,  Madison,  Wis.  (41).  1896. 

(73) 


Ixxiv  FELLOWS. 

Fessenden,  Prof.  Reginald  A.,  U.  S.  Weather  Bureau,  Washington,  D.  C. 

"To  be  forwarded."  (47).  1899.  AB 
Fink,  Prof.  Bruce,  Upper  Iowa  Univ.,  Fayette,  Iowa.  (45).  1899.  S  P 
Firmstone,  F.,  Easton,  Pa.  (33).  1887.  D 

Fitz,  George  W.,  M.D.,  483  Beacon  St.,  Boston,  Mass.  (47).  1898.  H 
Flather,  Prof.  John  J.,  316  Tenth  Ave.,  S.  E.,  Minneapolis,  Minn.  (44). 

1896.  D 
Fletcher,  Miss  Alice  C,  care  Peabody  Museum,  Cambridge,  Mass.  (29). 

1883.  H 
Fletcher,  James,  Dominion  Entomologist,  Experimental  Farm,  Ottawa, 

Can.  (31).  1883.  F 
Fletcher,  Dr.  Robert,  Army  Medical  Museum,  Washington,  D.  C.  (29). 

1881.  FH 

Flint,  Albert  S.,  Washburn  Observatory,  Madison,  Wis.  (30).  1887.  A 
Flint,  James  M.,  Surgeon  U.  S.  N.,  The  Portland,  Washington,  D.  C. 

(28).  1882.  F 
Foley,  Prof.  Arthur  Lee,  Indiana  Univ.,  Bloomington,  Ind.  (46).  1900.  B 
Ford,  Prof.  D.  R.,  Elmira,  N.  Y.  (41).  1894.  AB 

Fox,  Oscar  C,  U.  S.  Patent  Office,  \yashington,  D.  C.  (36).  1891.  B  D  A 
Franklin,  Mrs.  C.  Ladd,  1507  Park  Ave.,  Baltimoit,  Md.  (47).  1899.  H 
Franklin,  Edward  Curtis,  Ph.D.,  Kansas  State  Univ.,  Lawrence,  Kan. 

(47).  1900.  BG 
Franklin,  William  S.,  Lehigh  University,  So.  Bethlehem,  Pa.  (36).  1892.  B 
Frazer,  Dr.  Persifor,  Drexel  Building.  Room  1042,  Philadelphia,  Pa. 

(24).  1879.  KC 
Frazier,  Prof.  B.  W.,  The  Lehigh  University,  So.  Bethlehem,  Pa.  (24). 

1882.  EC 

Frear,  William,  State  College,  Center  Co.,  Pa.  (33).  1886.  C 

French,  Prof.  Thomas,  Jr.,  713  E.  Ridgeway  Ave.,  Avon  dale,  Cincinnati, 

Ohio  (30).  1883.  B 
Fries,  Dr.  Harold  H.,  92  Reade  St.,  New  York,  N.  Y.  (40).   1898.  C 
Frisby,    Prof.  Edgar,  U.  S.  Naval  Observ^atory,  Washington,  D.  C.  (28). 

1880.  A 
Frost,  Edwin  Brant,  Yerkes  Observator}*,  Williams  Bav,  Wis.  (38).  1890. 

AB 
Fuller,  Prof.  Homer  T.,  President  Dniry  College,  Springfield,  Mo.  (35). 

1891.  C£ 
Fulton,  Robert  B.,  Chancellor  Univ.  of  Mississippi,  University,  Miss.  (21 ). 
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Smith,  Harlan  I.,  Amer.  Mus.  Nat.  History,  Central  Park,  New  York, 

N.  Y.   (41).   1896.  H 
Smith,  Prof.  Harold  B.,  Polytechnic  Inst.,  Worcester,  Mass.  (43).    1898. 

D 
Smith,  James  Perrin,  Ph.D.,  Ass't  Prof,  of  Paleontology,  Leland Stanford 

Junior  Univ.,  Palo  Alto,  Cal.  (37).   1894.  CE 
Smith,  John  B.,  Rutgers  College,  New  Brunswick,  N.  J.  (32).  1884.  F 
Smith,  Q.  Cincinnatus,  M.D.,  617  Colorado  St.,  Austin,  Texas.  (26). 

1881.  F 
Smock,  Prof.  John  Conover,  State  Geologist,  Trenton,  N.  J.  (23).  1879.  E 
Smyth,  C.  H.,  Jr.,  Clinton,  N.  Y.   (38).   1894.  E 
Snow,    Prof.    Benjamin  W.,  518  Wisconsin  Ave.,  Madison,  Wis.   (35). 

1889.  B 
Snow,  Prof.  F.  H.,  Chancellor  Univ.  of  Kansas,  Lawrence,  Kan.  (29). 

1881.  FE 
Snyder,  Prof.  Harry,  2090  Dooley  Ave.,  Saint  Anthony  Park,  Minn.  (44). 

'  1897.  C 
Snyder,  Prof.  Monroe  B.,  Philadelphia  Astronomical  Observatory,  Phila- 
delphia, Pa.  (24).   1882.  AB 
Soule,  R.  H.,  71  Broadway,  New  York,  N.  Y.   (33).   1886.  D 
Soule,  Prof.  William,    Ph.D.,  Mount  Union  Coll.,  Alliance,  Ohio  (33). 

1899.  B  CE 
Spalding,  Fre<ierick  P.,  Bethlehem,  Pa.  (46).  1899.  D 
Spencer,   Prof.  J.  William,  152  Bloor  St.,  Toronto,  Can.  (28).   1882.  E 
Spenzkr,   John   G.,    M.D.,  370  Central  Avenue,  Cleveland,  Ohio.  (37). 

1895.  C 
Spinney,  h.  B.,  Iowa  State  College,  Ames,  Iowa.  (42).  1897.  B 
Springer,  Dr.  Alfred,  312  E.  2nd  St.,  Cincinnati,  Ohio.  (24).  1880.  C 
Squibb,  Edward  R.,  M.D.,  152  Columbia  Heights,  Brooklyn,  N.  Y.  (43). 

1896. 
Starr,  Frederick,   Ph.D.,   Prof.   Univ.    of    Chicago,   Chicago,   111.    (36). 

1892.  H  E 
Steams,  Robert  E.  C,  Ph.D.,  1025   East   Eighteenth  St.,  Los  Angeles, 

Cal.  (18).  1874.  F 
Steinmetz,  Chas.  Proteus,  General  Electric  Co.,  Schenectady,  N.  Y.  (40). 

1895.  B 
Stephens,  W.  Hudson,  Lowville,  N.  Y.  (18).  1874.  EH 
Sternberg,  George  M.,  M.D.,  LL.D.,  Surgeon-General  U.  S.  A.,  War  De- 
partment, Washington,  D.  C.  (24).  1880.  F 
Stevens,  Frank  L.,  Hull  Botanical  Laboratory,  Univ.  of  Chicago,  Chicago, 

111.  (44).   1899.  0 
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Stevens,  James  S. ,  Orono,  Me.  (48).  1900.  B 

Stevens,  Prof.  W.  LeConte,  Washington  and  Lee  Univ.,  Lexington,  Va. 

(29).  1882.  B 
Stevenson,  Mrs.  Cornelius,  237  S.  21st  St.,  Philadelphia,  Pa.  (33).  1895. 

H 
Stevenson,  Prof.  John  J.,  Univ.  Heights,  New  York,  N.  Y.  (36).  1888.  B 
Stevenson,   Mrs.  Matilda  C,  Bureau  of  Ethnology,  Washington,  D.  C. 

(41).  1893.  H 
Stieglitz,  Dr.  Julius,  Univ.  of  Chicago,  Chicago,  111.  (39).  1895.  C 
Stine,  Prof.  W.  M.,  Swarthmore  Coll.,  Swarthmore,  Pa.  (37).   1900.  A  C 
St.  John,  Prof.  Charles  E.,  125  Elm  St.,  Oberlin,  Ohio  (46).  1900.  B 
Stockwell,  John  N.,  1008  Case  Ave.,  Cleveland,  Ohio  (18).  1875.  A 
Stokes,  Henry  Newlin,   Ph.D.,   U.  S.   Geol.  Survey,   Washington,  D.  C. 

(38).  1891.  CE 
Stone,  Ormond,  Director  Leander  McCormick  Observ.,  Univ.  of  Virginia, 

Va.  (24).  1876.  A 
Story,  Prof.  Wm.  E.,  Clark  University,  Worcester,  Mass.  (29).  1881.  A 
Stowell,  Prof.  T.  B.,  Potsdam,  N.  Y.  (28).  1885.  F 
Stradling,  Prof.  George  F.,  41 14  Parkside  Ave.,  Philadelphia,  Pa.  (41). 

1900.  B 
Strong,  Wendell  M.,  307  Welch  Hall,  New  Haven,  Conn.  (44).  1899.  A  B 
Sturgis,  Wm.  C,  384  Whitney  Ave.,  New  Haven,  Conn.  (40).  1892.  G 
Swingle,  Walter  T.,  U.  S.  Depart.  Agric,  Washington,  D.  C.  (40).  1892.  O 
Tainter,  Charles  Sumner,  1843  S  St.,   N.  W.,   Washington,  D.  C.  (29). 

1881.  B  D  A 
Talbot,  Henry  P.,  Mass.  Instit.  of  Technology,  Boston,  Mass.  (44).  1896.  C 
Tanner,  Prof.  John  Henry,  7  Central  St.,  Ithaca,  N.  Y.  (47).  1899.  A  B 
Taylor,  Frank  B.,  391  Fairfield  Ave.,  Fort  Wayne,  Ind.  (39).  1897. 
Tesla,  Nikola,  LL.D.,  55  W.  27th  St.,  New  York,  N.  Y.  (43).   1895.  B 
Thomas,  Benjamin  F.,  State  Univ.,  Colimibus,  Ohio.  (29).   1882.  B  A 
Thomas,  Prof.  M.  B.,  Crawfordsville,  Ind.  (41).  1894.     G 
Thompson,  Joseph  Osgood,  Amherst,  Mass.  (41).  1893. 
Thomson,  Elihu,  Swampscott,  Mass.  (37).  1888.  B 

Thomson,  Wm.,  M.D.,  1426  Walnut  St. ,  Philadelphia,  Pa.   (33).  1885.  B 
Thomburg,  Charles  L.,  Lehigh  Univ.,  S.Bethlehem,  Pa.  (44).  1897.  A 
Thruston,  Gates  Phillips,  Nashville,  Tenn.  (38).  1890.  H 
Thruston,  R.  C.  Ballard,  care  Ballard  &  Ballard  Co. ,  Louisville,  Ky.  (36). 

1896.  E 
Thurston,  Prof.  R.  H.,  Sibley  Coll.,  Cornell  Univ.,  Ithaca,  N.  Y.  (23). 

1875.  D 
Tittmann,  Otto  H.,  U.  S.  C.  and  G.  Survey,  Washington,  D.  C.  (24). 

1888.  A 
Todd,  Prof.  David  P.,  Director  Lawrence  Observ.,  Amherst  Coll.,  Am- 
herst, Mass.  (27).  1881.  AB  D 
Todd,  Prof.  James  E.,  Box  22,  Vermilion,  S.  Dak.  (22).  1886.  E  F 
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Tooker,  William  Wallace,  Sag  Harbor,  N.  Y.  (43).  1895.    H 

Tracy,  Samuel  M.,  Biloxi,  Miss.  (27).   1881.  O 

Traphagen,  Frank  W.,  Ph.D.,  Bozeman,  Montana.  (55).  1889.  C  FB 

Trelease,  Dr.  Wm.,  Director  Missouri   Botanical  Gardens,  St.  Louis,  Mo. 

(39).  1891.  G 
Trenholm,  Hon.  W.  L.,  President  American   Surety  Co.,  160  Broadway, 

New  York,  N.  Y.  (35).   1896. 
True,  Fred  W.,  U.  S.  National  Museum,  Washington,  D.  C.  (28).  1882.  F 
Tucker,  W^illisG.,M.D.,  Albany  Medical  Coll.,  Albany,  N.Y.  (29).  1888.  C 
TucKERMAN,  ALFRED,  Ph.D.,  342  W.  57th  St.,  New  York,  N.  Y.  (39). 

1891.  C 
Tuttle,    Prof.   Albert  H.,  Univ.  of  Virginia,    Charlottesville,   Va.  (17). 

1874.  F 

Twitchell,  E.,  Wyoming,  Ohio  (39).  1891.  C 

Uhler,  Philip  R.,  254  W.  Hoffman  St.,  Baltimore,  Md.  (19).  1874.  FE 
Underwood,  Lucien  M.,  Columbia  Univ.,  New  York,  N.  Y.  (33).  1885.  G 
Upham,  W^arren,  Minnesota  Hist.  Soc.,  St.  Paul,  Minn.  (25).  1880.  S 
Upton,  Winslow,  Ladd  Observatory*,  Providence,  R.  I.  (29).  1883.  A 
Van   Dyck,  Prof.  Francis  Cuyler,   P.  O.  Box  224,  New  Brunswick,  N.  J. 

(28).    1882.  BCF 
Van  Hise,  Charles  R.,  University  of  Wisconsin,  Madison,  WMs.  (37).  1890. 
Van  Vleck,   Prof.  John  M.,  Wesleyan  Univ.,  Middletown,  Conn.  (23). 

1875.  A 

Venable,  Prof.  F.  P.,  Chapel  Hill,  N.  C.   (39).   1891.     C 

Verrill,  Prof.  A.  E.,  New  Haven,  Conn.   (47).   1898.  F 

Vining,  E.  P.,  49  Second  St.,  San  Francisco,  Cal.  (32).   1887.  H 

Vogdes,  Capt.  A.  W.,  5th  Artillery,  San  Cristobal,  San  Juan,  Porto  Rico, 

W.  I.  (32).  1885.  E  F 
von  Nardroff,    Ernest  R.,   360*  Tompkins  Ave.,  Brooklyn,  N.  Y.    (44). 

1896.  B 

Voorhees,  Louis  A.,  P.  O.  Box  290,  New  Brunswick,  N.  J.  (43).  1895.  C 
Wagner,    Frank  C,   Rose   Polytechnic    Inst.,  Terre  Haute,  Ind.    (34). 

1897.  D 

Waite,  M.  B.,U.  S.  Dep't  of  Agric,  Washington,  D.  C.   (37).  1893.  O 
Walcott,  Charles  D .,  Director  U.S.  Geol .  vSurvey ,  Washington,  D .  C .  ( 25 ) . 

1882.  EF 
Waldo,  Prof.  Clarence  A.,  Purdue  University,  Lafayette,  Ind.  (37) .  1889.  A 
Waldo,  Leonard,  S.  D.,  520  Stelle  Ave.,  Plainfield,  N.  J.  (28).  1880.  A 
Waller,  E.,  7  Franklin  Place,  Morristown,  N.J.  (23).  1874. 
Ward,  Prof.  Henry  A.,  620  Division  St.,  Chicago,  111.  (13).  1875.  FE  H 
Ward,  Prof.  Henry  B.,  Univ.  of  Nebraska,  Lincoln,  Nebr.  (48).  1899.  F 
Ward,  Lester  F.,  U.  S.  Geol.  Survey,  W^ashington,  D.  C.  (26).  1879.  E  O 
Ward,  Dr.  R.  H.,  53  Fourth  St.,  Troy,  N.  Y.  (17).  1874.  G  F 
Warder,  Prof.  Robert  B.,  Howard  Univ.,  Washington,  D.  C.  (19).  1881. 

CB 
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Warner,  James  D.,  463  E.  26th  St.,  Flatbush,  Brookl3rn,  N.  Y.  {18). 

1874.  AB 
Warner,  Worcester  R.,   1722   Euclid  Ave.,  Oeveland,  Ohio  (53).  1888. 

ABD 
Warren,  Joseph  W.,  M.D.,  Bryn  Mawr,  Pa.  (31 ).  1886.  F 
Warren,  Prof.  S.  Edward,  Newton,  Mass.  (17).  1875.  A-I 
W^ashington,  Dr.  Henry  S.,  Locust,  N.J.  (44).  1897.  E 
Watson.  Prof.  Wm.,  107  Marlborough  St,,  Boston,  Mass.  (12).  1884.  A 
Wead,  Charles  K.,  U.S.  Patent  Office,  Washington,  D.  C.  {47).  1898.  B 
Webb,  Prof.  J.  Burkitt,  Stevens  Inst,  Hoboken,  N.  J.  (31).  1883.  DBA 
Weber,  Prof.  Henry  A.,  Ohio  State  Univ.,  Columbus,  Ohio  (35).  1888.  C 
Webster,  Prof.  Arthur  Gordon,  Clark  Univ.,  Worcester,  Mass.  (47).  1898. 

BA 
Webster,  F.  M.,  Wooster.  Ohio  (35).  1890.  F 
Webster,  Prof.  N.  B.,  Vineland,  N.  J.  (7).  1874.  B  C  E 
Weed,  Clarence  M.,  Durham,  N.  H.  (381.  1890.  F 
Weems,  J.  B.,  Ph-D.,  Iowa  Agric'l  Coll.,  Ames,  Iowa  (44).  1900.  C 
Welch,  William  Henry,  M.D.,  935  St.  Paul  St..  Baltimore,  Md.  (47). 

1900.  FH 
Weston,  Edward,  645  High  St.,  Newark,  N.  J.  (33).  1887.  BCD 
Vnnte,  David,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (40).  1892.  E  F 
lATiite,  Prof.  H.  C,  University  of  Georgia,  Athens,  Ga.  (29).  1885.  C 
White,  Prof.  I.  C,  State  Geol.  of  W.  Va.,  Morgantown,  W.  Va.  (25). 

1882.  E 
lATiiteaves,  J.  F.,  Geological  Survey,  Ottawa,' Can.  (31).  1887.  EF 
Whitfield,  J.  Edward,  406  Locust  St.,  Philadelphia,  Pa.  (44).  1896.  C 
WTiitfield,  R.  P.,  Amer.  Mus.  Nat.  Historj-,  Central  Park,  New  York, 

N.Y.  (18).  1874.  KFH 
WTiiting,  MissSaiah  F.,  Wellesley  Coll.,  Wellesley,  Mass.  (31 ).  1883.  B  A 
lAliitman,  Prxrf.  Charles O.,  Univ.  of  Chicago,  Chicago,  111.  (43).  1898.  F 
Wliitman,  Prxrf.  Frank  P.,   Adelbert  Coll..  Cleveland,  Ohio  (33).  1885. 

B  A 
Whitney,  Miss  Maiy  W.,  VassarCoU.,  Poughkeepsie,  N.Y.  (47).  1900.  A 
WUbur,'A.  B.,  Middletown,  N.  Y.  (23).  1874.  E 
Wiley,  Prof.  Harvey  W.,  U.  S.  Dep't.  Agric,  Washington,  D.  C.  (21). 

1874.  C 
Williams,  Benezette,  171  La  Salle  St.,  Chicago,  m.  (33).  1887.  D 
Williams,  Charies  H.,  M.D.,  15  Arlington  St.,  Boston,  Mass.  (22).  1874. 
Wmiams,  Frof.  Edw.  H.,  Jr.,  117  Church  St.,  Bethlehem,  Pa.  (25).  1891. 

ED 
Williams,  Francis  H.,  M.D.,  505  Beacon  St.,  Boston,  Mass.  (29).  1890. 
Williams,  Prof.  Henry  Shaler,  Yale  Univ.,  New  Haven,  Conn.  ( 18).  1882. 

KF 
Williams,  Prxrf.  Thomas  A.,  U.  S.  Dep*t  \gric.,  Washington,  D.  C.  (42). 

1894.  G 
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Willoughby,  Charles  C,  Peabody  Museum,  Cambridge,  Mass.  (45).  1897.  H 
Willson.  Prof.  Frederick  N.,  Princeton,  N.  J.  (33).  1887.  A  D 
Willson,  Robert  W.,  Cambridge,  Mass.  (30).  1890.  B  A 
Wilson,  E.  B.,  Columbia  Univ.,  New  York,  N.  Y.  (49).  1900. 
Wilson,  Joseph  Miller,  Room  1030,  Drexel  Building,  Philadelphia,  Pa. 

(33).  1886.  D 
Wilson,  Robert  N.,  Macleod.  Alberta.  Can.  (42).  1895.  H 
Wilson,  Thomas,   LL.D.,  U.  S.  National  Museum,  Washington,  D.  C. 

(36).  1888.  H 
Wilson,  Prof.  William  Powell,  Philadelphia  Com.  Museum,  233  S.  4th 

St.,  Philadelphia,  Pa.  (38).  1889.  G 
Winchell,  Horace  V.,  Butte.  Montana.  (34).  1890.  EC 
Winchell,  Prof.  N.  H.,  Univ.  of  Minnesota,  Minneapolis,  Minn.  (19). 

1874.  EH 
Winterhalter,  A.  G.,  Lt.  U.  S.  N.,  care  U.  S.  Navy  Dep»t,  Washington, 

D.  C.  C37).  1893.  A 
Withers,  Prof.  W.  A.,  Agric.  and  Mechan.  Coll.,  Raleigh,  N.  C.  (33). 

1891.  C 
Witthaus,  Dr.  R.  A.,  414  E.  26th  St.,  New  York,  N.  Y.  (35).  1890. 
Wolff,  Dr.  J.  E.,  15  Stor>'  St.,  Cambridge,  Mass!  (36).  1894.  S 
Woll,  Fritz  Wilhelm,  Madison,  Wis.  (42),  1897.  C 
Woodbury,  C.  J.  H.,  Amer.  Bell  Telephone  Co..  125  Milk  St.,  Boston, 

Mass.   (29).  1884.  D 
Woodhull,  John  Francis,  Teachers'  Coll.,  Momingside  Heights,   New 

York,  N.  Y.  (43).  1899. 
Woodman,  Dr.  Durand,  80  Beaver  St.,  New  York,  N.  Y.  (41).  1896. 
Woods,  Albert  F.,  U.  S.  Dep't  Agric,   Washington,  D.  C.  (43).  1897.  O 
Woodward,  Prof.  Calvin  M.,  Washington  Univ.,  St.  Louis,  Mo.  (32). 

1884.  DAI 
Woodward,  R.  S.,  Columbia  Univ.,  New  York,  N.  Y.  (33).  1885.  ABD 
Woodworth,   William  McMichael,    Ph.D.,    149  Brattle  St.,   Cambridge, 

Mass.  (44).   1898.  F 
Wright,  Prof.  Albert  A.,  Oberlin  Coll.,  Oberlin,  Ohio  (24).  1880.  EF 
Wright.  Prof.  Arthur  W.,  Yale  Univ.,  New  Haven,  Conn.  (14).  1874.  AB 
Wright,  Carroll  D.,  IJ..D.,  Dep't  of  Labor,  Washington,  D.C.  (41).  1894.  I 
Wright,  Rev.  Geo.  F.,  Drawer  C,  Oberiin,  Ohio  (29).  1882.  EH 
Wright,  John  S.,  care  Eli  Lilly  &  Co.,  Indianapolis,  Ind.  (42).  1899.  O 
Wiirtele,  Rev.  Louis  C,  Acton  Vale,  P.  Q.  Can.  (11).  1875.  E 
Yarrow,  Dr.  H.  C,  814  17th  St.,  Washington,  D.  C.   (23).  1874. 
Youmans,  Wm.  Jay,  M.D.,  Popular  Science  Monthly,  72  Fifth  Avenue, 

New  York,  N.  Y.  (28)     1SS9.  FC 
Young,  A.  V.  E.,   Northwestern   Univ.,    Evanston,    III.  (33).  1886.  CB 
Young,  C.  A.,  Princeton  University,  Princeton,  N.J.  (18).  1874.  ABD 
Zalinski,  E.  L.,  U.  S.  A.,  Centur>'  Club,  7  W.  43d  St.,  New  York,  N.  Y. 

(36).  1891.  D 
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Ziwet,  Alexander,  644  S.  Ingalls  St.,  Ann  Arbor,  Mich.  (38).  1890.  A 


[866  Honorary  Fellows  and  Fellows.] 

Summary  :  Patrons,  2;  Members,  1052;  Honorary  Fellows,  2;  Fellows, 
864. 
Nov.  10,  1900.     Total  number  of  Members  of  the  Association,  1920. 


Note.— The  omission  of  an  address  in  the  foregoing  lists  indicates  that  letters 
mailed  to  that  last  printed  were  returned  as  uncalled  for.  Information  of  the  present 
address  of  the  members  so  indicated  is  requested  by  the  Pbrmanrnt  Secretary. 
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DECEASED  MEMBERS. 

[A  list  of  deceased  members  of  the  Association,  so  far  as  known  at  the 
time  of  publishing  the  volume  of  Proceedings  of  the  Springfield  meeting. 
May,  1896,  is  given  in  that  volume.  At  the  Buffalo  meeting  the  Council 
directed  the  Permanent  Secretary  to  omit  the  printing  of  the  full  list  of 
deceased  members  in  the  annual  volumes  and  to  print  only  the  additions 
to  the  list.  Since  the  publication  of  the  list  printed  in  the  Columbus  volume 
(48)  notices  have  been  received  of  the  decease  of  the  following  members.] 

Chalmot,  G.  de,  Holcomb  Rock,  Va.  (44).     Died  at  HolcombRock,  Va., 

Oct.  9.  1899. 
Cluett,  J.  W.  Alfred,  Troy,  N.  Y.   (43).     Born  in  Wolverhampton,  Eng. 

Died  in  New  York,  N.  Y.,  June  2,  1899. 
Cushing,  Frank  Hamilton,  Washington,  D.  C.  (40).     Died  in  Washing- 
ton, D.  C,  April  10,  1900. 
Dawson,  William,  Montreal,  Can.  (10).  Bom  in  Pictou,  N.  S.,  Oct.  1820. 

Died  Nov.  19,  1899. 
Day,  David  F.,  Buffalo,  N.  Y.  (35).     Died  Aug.  21,  1900,  aged  71  years. 
Dexter,  Julius,  Cincinnati,  Ohio  (30).     Died  Oct.  21,  1898. 
Dixwell,   Epes  Sargent,  Cambridge,   Mass.  (i).     Born  in  Boston,  Mass. 

Died  in  Cambridge,  Mass.,  Dec.  i,  1899. 
Durfee,  W.  F.,  Westerleigh,  N.  Y.  (33). 
Edelheim,  Carl,  Philadelphia,  Pa.  (33).     Died  in  Sept.  1899. 
Grogan,  Richard  Harmon,  Jr.,  Cambridgeport,  Mass.   (49).     Died  July  4, 

1900. 
Harris,  I.  H.,  Waynesvilie,  Ohio  (30).     Died  in  Waynesville,  Ohio,  Oct. 

17,  1897. 
Hart,  Charles  Porter,  Wyoming,    Ohio  (30).     Died  at  Wyoming,  Ohio, 

June  I,  1900. 
Holden,  E.  F.,  Syracuse,  N.  Y.  (43).     Died  Dec.  25,  1899. 
Hubbard,  Oliver  Payson,  New  York,  N.  Y.  (i).  Born  in  Pomfret,  Conn., 

1809.     Died  in  New  York,  N.  Y.,  March  9,  1900. 
Lewis,  Walter  H.,  Jr.,  New  York,  N.  Y.   (47).     Died  November  18,  1899. 
Martin,  William  J.,  Davidson,  N.  C.  (34).     Died  in  1896. 
Minot,  Francis,  Boston,  Mass.  (29).  Died  May  11,  1899. 
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ADDRESS 

BY 

GROVE  KARL  GILBERT, 

THE   RETIRING   PRESIDENT  OF  THE   ASSOCIATION. 


RHYTHMS  AND  GEOLOGIC  TIME. 


Custom  dictates  that  in  complying  with  the  rule  of  the  Asso- 
ciation I  shall  address  you  on  some  subject  of  a  scientific 
character.  But  before  doing  so  I  may  be  permitted  to  pay 
my  personal  tribute  to  the  honored  and  cherished  leader  of 
whose  loss  we  are  so  keenly  sensible  on  this  occasion.  His 
kindly  personality,  the  charm  which  his  earnestness  and  sin- 
cerity gave  to  his  conversation,  the  range  of  his  accomplish- 
ment, are  inviting  themes  ;  but  it  is  perhaps  more  fitting  that 
I  touch  this  evening  on  his  character  as  a  representative  presi- 
dent of  this  body.  The  Association  holds  a  peculiar  position 
among  our  scientific  organizations  of  national  or  continental 
extent.  Instead  of  narrowing  its  meetings  by  limitations  of 
subject  matter  or  membership,  it  cultivates  the  entire  field  of 
research  and  invites  the  interest  and  cooperation  of  all.  It  is 
thus  not  only  the  integrating  body  for  professional  investiga- 
tors, but  the  bond  of  union  between  these  and  the  great  group 
of  cultured  men  and  women, — the  group  from  whose  ranks  the 
professional  guild  is  recruited,  through  whom  the  scientific 
spirit  is  chiefly  propagated,  and  through  whose  interest  scien- 
tific research  receives  its  financial  support.  Its  aims  and  form 
of  organization  recognize,  what  pure  science  does  not  always 
itself  recognize,  that  pure  science  is  fundamentally  the  creature 
and  servant  of  the  material  needs  of  mankind,  and  it  thus 
stands  for  what  might  be  called  the  human  side  of  science. 
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Edward  Orton,  throughout  his  career  as  teacher  and  investi- 
gator, was  conspicuous  for  his  attention  to  the  human  side  of 
science.  His  most  abstract  work  was  consciously  for  the  bene- 
fit of  the  community,  and  he  ever  sought  opportunity  to  make 
its  results  directly  available.  In  promoting  the  interests  of  the 
people  of  his  adopted  state  he  incidentally  accomplished  much 
for  a  larger  community  by  helping  it  to  an  appreciation  of  the 
essential  beneficence  of  the  scientific  study  of  nature  and  man. 
As  an  individual  he  was  a  diligent  and  successful  laborer  in 
the  field  which  the  Association  cultivates,  and  when  the  Asso- 
ciation selected  him  as  its  standard  bearer  it  made  choice  of 
one  who  was  peculiarly-  its  representative. 

The  subject  to  which  I  shall  in\ate  your  attention  this  eve- 
ning is  by  no  means  novel,  but  might  better  be  called  perennial 
or  recurrent ;  for  the  problem  of  our  earth's  age  seems  to  bear 
repeated  solution  without  loss  of  \agor  or  prestige.  It  has 
been  a  marked  favorite,  moreover,  with  presidents  and  vice- 
presidents,  retiring  or  otherwise,  when  called  upon  to  address 
assemblies  whose  fields  of  scientific  interest  are  somewhat  di- 
verse,— for  the  reason,  I  imagine,  that  while  the  specialist 
claims  the  problem  as  his  peculiar  theme  of  study,  he  feels 
that  other  denizens  of  the  planet  in  question  ma^'  not  lack  in- 
terest in  the  earl}-  lore  of  their  estate. 

The  difficulty  of  the  problem  inheres  in  the  fact  that  it  not 
only  transcends  direct  obser\^ation  but  demands  the  extrapo- 
lation or  extension  of  familiar  physical  laws  and  processes  far 
beyond  the  ordinary  range  of  qualifying  conditions.  From 
whatever  side  it  is  approached  the  way  must  be  paved  b^' 
postulates,  and  the  resulting  views  are  so  discrepant  that  im- 
partial onlookers  have  come  to  be  suspicious  of  these  conve- 
nient and  inviting  stepping  stones. 

That  vain  expectation  may  not  be  aroused  I  admit  at  the 
outset  that  I  have  not  solved  the  problem  and  shall  submit  to 
you  no  estimates.  My  immediate  interest  is  in  the  preliminar>' 
question  of  the  available  methods  of  approach,  and  it  leads  to 
the  consideration  of  the  ways,  or  the  classes  of  ways,  in  which 
the  measurement  of  time  has  been  accomplished  or  attempted. 

Of  the   artificial  devices  employed    in   practical   horolog>' 
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there  are  two  so  venerable  that  their  origins  are  lost  in  the  ob- 
scurity of  legendary  myth.  These  are  the  clepsydra  and  the 
taper.  In  the  clepsydra  advantage  is  taken  of  the  approxi- 
mately uniform  rate  at  which  water  escapes  through  a  small 
orifice,  and  time  is  measured  by  gaging  the  loss  of  water  from 
a  discharging  vessel  or  the  gain  in  a  receiving  vessel.  The 
hour  glass  is  one  of  its  later  forms,  in  which  sand  takes  the 
place  of  water.  The  taper  depends  for  its  value  as  a  time 
piece  on  the  approximate  uniformity  of  combustion  when  the 
area  of  fuel  exposed  to  the  air  is  definitely  regulated.  It  sur- 
vives chiefly  in  the  prayer  stick  and  safety  fuse,  but  the  grad- 
uated candle  is  perhaps  still  used  to  regulate  monastic  vigils. 

The  pendulum,  a  comparatively  modem  invention,  excelling 
the  clepsydra  and  taper  in  precision,  has  altogether  supplanted 
them  as  the  servant  of  civilization.  Its  accuracy  results  from 
the  remarkable  property  that  the  period  in  which  it  completes 
an  oscillation  is  almost  exactly  the  same,  whatever  the  arc 
through  which  it  swings.  It  regulates  the  movements  not 
only  of  our  clocks,  watches,  and  chronometers,  but  of  baro- 
graphs, thermographs,  and  a  great  variety  of  other  machines 
for  recording  events  and  changes  in  their  proper  order  and  re- 
lation in  respect  to  time. 

I  must  mention  also  a  special  apparatus  invented  by  astron- 
omers and  called  a  chronograph.  It  consists  ordinarily  of  a 
revolving  drum  about  which  a  paper  is  wrapt  and  against 
which  rests  a  pen.  As  the  drum  turns  the  pen  draws  a  line 
on  the  paper.  Through  an  electric  circuit  the  pen  is  brought 
under  the  influence  of  a  pendulum  in  such  a  way  that  at  the 
middle  of  each  swing  of  the  pendulum  the  pen  is  deflected, 
making  a  mark  at  right  angles  to  the  straight  line.  The  series 
of  marks  thus  drawn  constitute  a  time  scale.  The  electric 
arrangements  are  so  made  that  the  pen  will  also  be  disturbed 
in  consequence  of  some  independent  event,  such  as  the  firing 
of  a  gun  or  the  transit  of  a  star  ;  and  the  mark  caused  by  such 
disturbance,  being  automatically  platted  on  the  time  scale, 
records  the  time  of  the  event. 

No  attempt  has  been  made  to  characterize  these  various 
time  pieces  with  fullness,  because  they  are  already  well  known 
to  most  of  those  present,   and,   in  fact,   the  chief  motive  for 
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giving  them  separate  mentioii  is  that  they  may  serve  as  the 
basis  of  a  classification.  In  the  use  of  the  clepsydra  and  taper 
time  is  measured  in  termsof  a  continuous  movement  or  process ; 
in  the  use  of  the  pendulum  time  is  measured  in  terms  of  a 
movement  which  is  periodically  reversed.  The  classification 
embodies  the  fundamental  distinction  between  continuous 
motion  and  rhythmic  motion. 

Passing  now  from  the  artificial  to  the  natural  measures  of 
time  we  find  that  they  are  all  rhythmic.  It  is  true  that  the 
spinning  of  the  earth  on  its  axis  is  in  itself  a  continuous  motion, 
but  it  would  yield  no  time  measure  if  the  earth  were  alone  in 
space,  and  so  soon  as  the  motion  is  considered  in  relation  to 
some  other  celestial  body  it  becomes  rhythmic.  As  \newed 
from,  or  compared  with,  a  fixed  star  the  period  of  its  rhythm 
is  the  siderial  day  ;  compared  with  the  sun  it  is  the  solar  day, 
nearly  four  minutes  longer  :  and  compared  with  the  moon  it  is 
the  lunar  day,  still  longer  by  forty-nine  minutes.  As  the  sun 
supi^ies  the  energy*'  for  most  of  the  physical  and  all  the  \'ital 
pnx^sses  of  the  earth*s  surface,  the  rhythm  of  the  solar  day  is 
imi^resseii  in  multitudinous  ways  on  man  and  his  evironment, 
and  he  makes  it  his  primary  or  standard  unit  of  time.  He  has 
arbitrarily  divided  it  into  hours,  minutes  and  seconds,  and  in 
terms  of  these  units  he  says  that  the  length  of  the  siderial  day 
is  a  little  monf  than  txsxMity -three  hours,  fifty-six  minutes  and 
four  stciMuis,  and  the  aN-enige  length  of  the  lunar  day  is  a 
little  less  than  twxnt>^four  hours  and  forty-nine  minutes.  The 
luuAr  day  finds  expressiow  in  the  tides  and  is  of  moment  to 
nuuitimc  folk,  but  the  siderial  is  kiH>wn  only  to  astronomers. 

Next  in  the  sciics  ot  our  natun^l  time  units  is  the  month,  or 
the  ihvthmio  i^crivxl  ot  the  nuxMi  rwrarvied  as  a  luminary.  By 
\nu  s^^wijiv  ;u\vXst\M"s,  who  otwiitxxl  the  moon  with  powers  of 
>iu\U  im\\Mt;UKV  to  thcmsoUx's.  much  use  was  made  of  this 
\u\Ux  but  A>i  |M\^jitvv<  *,u  k\K>\v»cvl3iv  has  shown  that  the 
\urt\uMKV  xM'  thx^  Si^tx^'i^^tv  h;u;  Ixxu  VAs:*y  O'X^rrated,  less  and 
losx  (\tlvuUxM\  h<\>  Kvu  \\\u',  to  t^K  :vti^:r,:ug  cnKoent,  and  it  is 
\M\*\  ux  \\v\ov;,\xt\o  \\\U  r,x\,;t^  tVxAt  tV.c  ch:\v,xvx^y  of  civilization 
U\>\\  u\\N^«\50x  th\"  x\,;;uT;;»  v,^>;;;>,  It>  :^.jivX>w  survives, 
xwtVut  tho  >\Oamauv\\  u\  ;>.c  oAk^^v.Av  r,>v^?:;h  :  juni  the  week 
jvwvxKn  xv\Mv^v^-m>  v^u  vx^xlx  .^;tovA\'^  to  >;x>vl:\^ioe  it. 
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In  passing  to  our  third  natural  unit,  the  year,  we  again 
encounter  solar  influence,  and  find  the  rhythm  of  the  earth's 
orbit  echoed  and  reechoed  in  innumerable  physical  and  vital 
vibrations.  As  the  attitude  of  the  earth's  axis  inclines  one 
hemisphere  toward  the  sun  for  part  of  the  year  and  the  other 
hemisphere  for  the  remainder,  the  whole  complex  drama  of 
climate  is  annually  enacted,  and  the  sequence  of  man's 
activities  is  made  to  assume  an  annual  rhythm.  The  year  is 
second  only  to  the  day  as  a  terrestrial  unit  of  duration  ;  and  as 
the  day  is  man's  standard  for  the  minute  division  of  time,  so 
the  year  is  his  standard  for  larger  divisions,  and  the  decade, 
the  century  and  the  millenium  are  its  multiples. 

But  the  rhythms  of  day  and  night,  of  summer  and  winter, 
are  not  the  only  tides  in  the  affairs  of  men.  At  birth  we  are 
small,  weak  and  dependent,  we  grow  larger  and  stronger,  we 
become  mature  and  independent,  and  then  by  reproducing  our 
kind,  we  complete  the  cycle,  which  begins  again  with  our 
children.  The  cycle  of  human  life  is  the  generation,  a  time 
unit  of  somewhat  indefinite  length  and  varying  in  phase  from 
family  to  family,  but  holding  a  place,  nevertheless,  in  human 
chronology. 

Still  less  definite  is  the  rhythm  of  hereditary  rulership, 
progressing  from  vigor  through  luxury  to  degeneracy,  and 
closing  its  cycle  in  usurpation  ;  yet  it  makes  an  epoch  in  the 
life  of  a  nation  or  empire,  and  so  the  dynasty  is  one  of  the 
units  of  the  historian. 

The  generation  and  the  dynasty  are  of  waning  importance 
in  human  chronology,  and  they  can  claim  no  connection  with 
the  problem  of  geologic  time ;  but  here  again  I  have  turned 
aside  for  a  moment  in  order  to  illustrate  a  principle  of  classifi- 
cation. The  daily  rhythm  of  waking  and  sleeping,  of  activity 
and  rest,  does  not  originate  with  man  but  is  imposed  on  him 
by  the  rhythm  of  light  and  darkness,  and  that  in  turn  springs 
from  the  turning  of  the  earth  in  relation  to  the  shining  sun. 
The  yearly  rhythm  of  sowing  and  harvesting,  of  the  fan  and 
the  furnace,  does  not  originate  with  man  but  is  imposed  on  him 
by  the  rhythm  of  the  seasons,  and  that  in  turn  springs  from 
certain  motions  of  the  earth  in  relation  of  the  glowing  sun. 
But   the   rhythm  of  the   generation   and   the   rhythm  of  the 
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dynasty  have  origin  in  the  nature  of  man  himself.  The 
rhythms  of  human  chronology  may  thus  be  grouped  according 
to  source  in  two  classes,  the  imposed  and  the  original ;  and  the 
same  distinction  holds  for  other  rhythms.  The  lunar  day  is 
an  original  rhythm  of  the  earth  as  seen  from  the  moon  ;  the 
ground  swell  is  an  original  rhythm  of  the  ocean ;  but  the  tide 
is  an  imposed  rhythm  of  the  ocean,  being  derived  from  the 
lunar  day.  The  swing  of  the  pendulum  is  an  original  rhythm, 
but  the  regular  excursion  of  the  chronograph  pen,  beings 
caused  by  the  swing  of  the  pendulum,    is  an  imposed  rhythm. 

In  giving  brief  consideration  to  each  of  the  more  important 
ways  by  which  the  problem  of  the  earth's  age  has  been 
approached,  I  shall  mention  first  those  which  follow  the 
action  of  some  continuous  process,  and  afterward  those  which 
depend  on  the  recognition  of  rhythms. 

The  earliest  computations  of  geologic  time,  as  well  as  the 
majority  of  all  such  computations,  have  followed  the  line  of 
the  most  familiar  and  fundamental  of  geologic  processes.  All 
through  the  ages  the  rains,  the  rivers  and  the  waves  have  been 
eating  away  the  land,  and  the  product  of  their  gnawing  has 
been  received  by  the  sea  and  spread  out  in  layers  of  sediment. 
These  layers  have  been  hardened  into  rocky  strata,  and  from 
time  to  time  portions  have  been  upraised  and  made  part  of  the 
land.  The  record  they  contain  makes  the  chief  part  of 
geologic  history,  and  the  groups  into  which  they  are  divided 
correspond  to  the  ages  and  periods  of  that  history.  In  order 
to  make  use  of  these  old  sediments  as  measures  of  time  it  is 
necessary  to  know  either  their  thickness  or  their  volume, 
and  also  the  rate  at  which  they  were  laid  down.  As  the 
actual  process  of  sedimentation  is  concealed  from  view, 
advantage  is  taken  of  the  fact  that  the  whole  quantity 
deposited  in  a  year  is  exactly  equaled  by  the  whole  quantity 
washed  from  the  land  in  the  same  time,  and  measurements  and 
estimates  are  made  of  the  amounts  brought  to  the  sea  by  rivers 
and  torn  from  the  cliffs  of  the  shore  by  waves.  After  an  esti- 
mate has  been  obtained  of  the  total  annual  sedimentation  at 
the  present  time,  it  is  necessary  to  assume  either  that  the 
average  rate  in  past  ages  has  been  the  same  or  that  it  has 
differed  in  some  definite  wav. 
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At  this  point  the  course  of  procedure  divides.  The  com- 
puter may  consider  the  aggregate  amount  of  the  sedimentary 
rocks,  irrespective  of  their  subdivisions,  or  he  may  consider 
the  thicknesses  of  the  various  groups  as  exhibited  in  different 
localities.  If  he  views  the  rocks  collectively,  as  a  total  to  be 
divided  by  the  annual  increment,  his  estimate  of  the  total  is 
founded  primarily  on  direct  measurements  made  at  many 
places  on  the  continents,  but  to  the  result  of  such  measure- 
ments he  must  add  a  postulated  amount  for  the  rocks  concealed 
by  the  ocean,  and  another  postulated  amount  for  the  material 
which  has  been  eroded  from  the  land  and  deposited  in  the  sea 
more  than  once. 

If,  on  the  other  hand,  he  views  each  group  of  rocks  by  itself , 
and  takes  account  of  its  thickness  at  some  locality  where  it 
is  well  displayed,  he  must  acquire  in  some  way  definite  concep- 
tions of  the  rates  at  which  its  component  layers  of  sand,  clay 
and  limy  mud  were  accumulated,  or  else  he  must  postulate  that  its 
average  rate  of  accretion  bore  some  definite  ratio  to  the  present 
average  rate  of  sedimentation  for  the  whole  ocean.  This 
course  is,  on  the  whole,  more  diificult  than  the  other,  but  it 
has  yielded  certain  preliminary  factors  in  which  considerable 
confidence  is  felt.  Whatever  may  have  been  the  absolute  rate 
of  rock  building  in  each  locality,  it  is  believed  that  a  group  of 
strata  which  exhibits  great  thickness  in  many  places  must 
represent  more  time  than  a  group  of  similar  strata  which  is 
everywhere  thin,  and  that  clays  and  marls,  settling  in  quiet 
waters  are  likely  to  represent,  foot  for  foot,  greater  amounts 
of  time  than  the  coarser  sediments  gathered  by  strong  currents  ; 
and,  studying  the  formations  with  regard  to  both  thickness 
and  texture,  geologists  have  made  out  what  are  called  time 
ratios, — series  of  numbers  expressing  the  relative  lengths  of 
the  different  ages,  periods,  and  epochs.  Such  estimates  of 
ratios,  when  made  by  different  persons,  are  found  to  vary  much 
less  than  do  the  estimates  of  absolute  time,  and  they  will  serve 
an  excellent  purpose  whenever  a  satisfactory  determination 
shall  have  been  made  of  the  duration  of  any  one  period. 

Reade  has  varied  the  sedimentary  method  by  restricting 
attention  to  the  limestones,  which  have  the  peculiarity  that 
their  material  is  carried  from  the  land  in  solution  ;  and  it  is  a 
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point  in  favor  of  this  procedure  that  the  dissolved  burdens  of 
rivers  are  more  easily  measured  than  their  burdens  of  clay  and 
sand. 

An  independent  system  of  time  ratios  has  been  founded  on 
the  principle  of  the  evolution  of  life.  Not  all  formations  are 
equally  supplied  with  fossils,  but  some  of  them  contain  volu- 
minous records  of  contemporary  life  ;  and  when  account  is 
taken  of  the  amount  of  change  from  each  full  record  to  the 
next,  the  steps  of  the  series  are  found  to  be  of  unequal  magni- 
tude. Though  there  is  no  method  of  precisely  measuring  the 
steps,  even  in  a  comparative  way,  it  has  yet  been  found  pos- 
sible to  make  approximate  estimates,  and  these  in  the  main 
lend  support  to  the  time  ratios  founded  on  sedimentation. 
They  bring  aid  also  at  a  point  where  the  sedimentary  data  are 
weak,  for  the  earliest  formations  are  hard  to  classify  and 
measure.  It  is  true  that  these  same  formations  are  almost 
barren  of  fossils,  but  biologic  inference  does  not  therefore  stop. 
The  oldest  known  fauna,  the  Eocambrian,  does  not  represent 
the  beginnings  of  life,  but  a  well-advanced  stage,  characterized 
by  development  along  many  divergent  lines  ;  and  by  comparing 
Eocambrian  life  with  existing  life  the  paleontologist  is  able  to 
make  an  estimate  of  the  relative  progress  in  evolution  before 
and  after  the  Eocambrian  epoch.  The  only  absolute  blank  left 
by  the  time  ratios  pertains  to  an  azoic  age  which  may  have 
intervened  between  the  development  of  a  habitable  earth  crust 
and  the  actual  beginning  of  life. 

Erosion  and  deposition  have  been  used  also,  in  a  variety  of 
ways,  to  compute  the  length  of  very  recent  geologic  epochs. 
Thus,  from  the  accumulation  of  sand  in  beaches  Andrews  es- 
timated the  age  of  Lake  Michigan,  and  Upham  the  age  of  the 
glacial  lake  Agassiz  ;  and  from  the  erosion  of  the  Niagara 
gorge  the  age  of  the  river  flowing  through  it  has  been  esti- 
mated. But,  while  these  discussions  have  yielded  conceptions 
of  the  nature  of  geologic  time,  and  have  served  to  illustrate 
the  extreme  complexity  of  the  conditions  which  affect  its 
measurement,  they  have  accomplished  little  toward  the  deter- 
mination of  the  length  of  a  geologic  period  ;  for  they  have  per- 
tained only  to  a  small  fraction  of  what  geologists  call  a  period, 
and  that  fraction  was  of  a  somewhat  abnormal  character. 
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Wholly  indapendent  avenues  of  approach  are  opened  by  the 
study  of  processes  pertaining  to  the  earth  as  a  planet,  and  with 
these  the  name  of  Kelvin  is  prominently  associated. 

As  the  rotation  of  the  earth  causes  the  tides,  and  as  the 
tides  expend  energy,  the  tides  must  act  as  a  brake,  checking 
the  speed  of  rotation.  Therefore  the  earth  has  in  the  past 
spun  faster  than  now,  and  its  rate  of  spinning  at  any  remote 
point  of  time  may  be  computed.  Assuming  that  the  whole 
globe  is  solid  and  rigid,  and  that  the  geologic  record  could  not 
begin  until  that  condition  had  been  attained,  there  could  not 
have  been  great  checking  of  rotation  since  consolidation.  For 
if  there  had  been,  it  would  have  resulted  in  the  gathering  of 
the  oceans  about  the  poles  and  the  baring  of  the  land  near  the 
equator,  a  condition  very  different  from  what  actually  obtains. 
This  line  of  reasoning  yields  an  obscure  outer  limit  to  the  age 
of  the  earth. 

On  the  assumption  that  the  globe  lacks  something  of 
perfect  rigidity,  G.  H.  Darwin  has  traced  back  the  history  of 
the  earth  and  the  moon  to  an  epoch  when  the  two  bodies  were 
united,  their  separation  having  been  followed  by  the  gradual 
enlargement  of  the  moon's  orbit  and  the  gradual  retardation  of 
the  earth's  rotation  ;  and  this  line  of  inquiry  has  also  yielded 
an  obscure  outer  limit  to  the  antiquity  of  the  earth  as  a  habit- 
able globe. 

One  of  the  most  elaborate  of  all  the  computations  starts  with 
the  assumption  that  at  an  initial  epoch,  when  the  outer  part  of 
the  earth  was  consolidated  from  a  liquid  condition,  the  whole 
body  of  the  planet  had  approximately  the  same  temperature  ; 
and  that  as  the  surface  afterward  cooled  by  outward  radiation, 
there  was  a  flow  of  heat  to  the  surface  by  conduction  from 
below.  The  rate  of  this  flow  has  diminished  from  that  epoch 
to  the  present  time  according  to  a  definite  law,  and  the  present 
rate,  being  known  from  observation,  affords  a  measure  of  the 
age  of  the  crust.  The  strength  of  this  computation  lies  in  its 
definiteness  and  the  simplicity  of  its  data  ;  its  weakness  in 
the  fact  that  it  postulates  a  knowledge  of  certain  properties  of 
rock — namely,  its  fusibility,  conductivity,  and  viscosity — 
when  subjected  to  pressures  and  temperatures  far  greater  than 
have  ever  been  investigated  experimentally. 
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A  parallel  line  of  discussion  pertains  to  the  sun.  Great  as 
is  the  quantity  of  heat  which  that  incandescent  globe  yields  to 
the  earth,  it  is  but  a  minute  fraction  of  the  whole  amount  with 
which  it  continually  parts,  for  its  radiation  is  equal  in  all 
directions,  and  the  earth  is  but  a  speck  in  the  solar  sky.  On 
the  assumption  that  this  immense  loss  of  heat  is  accompanied 
by  a  corresponding  loss  of  volume,  the  sun  is  shrinking  at  a 
definite  rate,  and  a  computation  based  on  this  rate  has  told 
how  many  millions  of  years  ago  the  sun's  diameter  should 
have  been  equal  to  the  present  diameter  of  the  earth's  orbit. 
Manifestly  the  earth  can  not  have  been  ready  for  habitation  be- 
fore the  passage  of  that  epoch,  and  so  the  computation  yields  a 
superior  limit  to  the  extent  of  geologic  time. 

Before  passing  to  the  next  division  of  the  subject — the 
computations  based  on  rhythms — a  few  words  may  be  given 
to  the  results  which  have  been  obtained  from  the  study  of  con- 
tinuous processes.  Realizing  that  your  patience  may  have 
been  strained  by  the  kaleidoscopic  character  of  the  rapid  re- 
view which  has  seemed  unavoidable,  I  shall  spare  you  the 
recitation  of  numerical  details  and  merely  state  in  general 
terms  that  the  geologists,  or  those  who  have  reasoned  from  the 
rocks  and  fossils,  have  deduced  values  for  the  earth's  age  very 
much  larger  than  have  been  obtained  by  the  physicists,  or 
those  who  have  reasoned  from  earth  cooling,  sun  cooling  and 
tidal  friction.  In  order  to  express  their  results  in  millions  of 
years  the  geologists  must  employ  from  three  to  five  digits, 
while  the  physicists  need  but  one  or  two.  When  these  enor- 
mous discrepancies  were  first  realized  it  was  seen  that  serious 
errors  must  exist  in  some  of  the  observational  data  or  else  in 
some  of  the  theories  employed  ;  and  geologists  undertook  with 
zeal  the  revision  of  their  computations,  making  as  earnest  an 
effort  for  reconciliation  as  had  been  made  a  generation  earlier 
to  adjust  the  elements  of  the  Hebrew  cosmogony  to  the  facts 
of  geology.  But  after  rediscussing  the  measurements  and 
readjusting  the  assumptions  so  as  to  reduce  the  time  estimates 
in  every  reasonable  way — and  perhaps  in  some  that  were  not 
so  reasonable — they  were  still  unable  to  compress  the  chapters 
of  geologic  history  between  the  narrow  covers  of  physical 
limitation  ;  and  there  the  matter  rests  for  the  present. 
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The  rocks  which  were  formed  as  sediments  show  many 
traces  of  rhythm.  Some  are  composed  of  layers,  thin  as  paper, 
which  alternate  in  color,  so  that  when  broken  across  they  ex- 
hibit delicate  banding.  In  the  time  of  their  making  there  was 
a  periodic  change  in  the  character  of  the  mud  that  settled  from 
the  water.  Others  are  banded  on  a  larger  scale ;  and  there 
are  also  bandings  of  texture  where  the  color  is  uniform.  Many 
formations  are  divided  into  separate  strata,  as  though  the  pro- 
cess of  accretion  had  been  periodically  interrupted.  Series  of 
hard  strata  are  often  separated  by  films  or  thin  layers  of  softer 
material.  Strata  of  two  kinds  are  sometimes  seen  to  alternate 
through  many  repetitions.  Borings  in  the  delta  of  the  Missis- 
sippi show  soils  and  remains  of  trees  at  many  levels,  alterna- 
ting with  river  silts.  The  rock  series  in  which  coal  occurs 
are  monotonous  repetitions  of  shale  and  sandstone.  Belgian 
geologists  have  been  so  impressed  by  the  recurrence  of  short 
sequences  of  strata  that  they  have  based  an  elaborate  system 
of  rock  notation  upon  it. 

Passing  to  still  greater  units,  the  large  aggregates  of  strata 
sometimes  called  systems  show  in  many  cases  a  regular  se- 
quence, which  Newberry  called  a  "circle  of  deposition." 
When  complete,  it  comprises  a  sandstone  or  conglomerate,  at 
base,  then  shale,  limestone,  shale  and  sandstone.  This  se- 
quence is  explained  as  the  result  of  the  gradual  encroachment, 
or  transgression,  as  it  is  called,  of  the  sea  over  the  land  and  its 
subsequent  recession. 

In  certain  bogs  of  Scandinavia  deep  accumulations  of  peat 
are  traversed  horizontally  by  layers  including  tree  stumps  in 
such  way  as  to  indicate  that  the  ground  has  been  alternately 
covered  by  forest  and  boggy  moss.  The  broad  glaciers  of  the 
Ice  age  grew  alternately  smaller  and  larger — or  else  were  re- 
peatedly dissipated  and  reformed, — and  their  final  waning  was 
characterized  by  a  series  of  halts  or  partial  readvances,  recorded 
in  concentric  belts  of  ice-brought  drift.  Of  these  belts,  called 
moraines  of  recession,  Taylor  enumerates  seventeen  in  a  single 
system. 

In  explanation  of  these  and  other  repetitive  series  incorpo- 
rated in  the  structure  of  the  earth's  crust,  a  variety  of  rhythmic 
causes  have  been  adduced  ;  and  mention  will  be  made  of  the 
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more  important,  beginning  with  those  which  have  the  charac- 
ter of  original  rhythms. 

A  river  flowing  through  its  delta  clogs  its  channel  with  sedi- 
ment, and  from  time  to  time  shifts  its  course  to  a  new  line, 
reaching  the  sea  by  a  new  mouth.  Such  changes  interrupt 
and  vary  sedimentation  in  neighboring  parts  of  the  sea.  Storms 
of  rain  make  floods,  and  each  flood  may  cause  a  separate  stra- 
tum of  sediment.  Storms  of  wind  give  destructive  force  to 
the  waves  that  beat  the  shore,  and  each  storm  may  cause  the 
deposit  of  an  individual  layer  of  sediment.  Var>nng  winds  may 
drive  currents  this  way  and  that,  causing  alternations  in  sedi- 
mentation. 

To  explain  the  forest  beds  buried  in  the  Mississippi  silts  it 
has  been  suggested  that  the  soft  deposits  of  the  delta  from 
time  to  time  settled  and  spread  out  under  their  own  weight. 
Various  alternations  of  strata,  and  especially  those  of  the  coal 
measures,  have  been  ascribed  to  successive  local  subsidences  of 
the  earth's  crust,  caused  by  the  addition  of  loads  of  deposit. 
It  has  been  suggested  also  that  land  undergoing  erosion  may 
rise  up  from  time  to  time  because  relieved  of  load,  and  the 
character  of  sediment  might  be  changed  by  such  rising.  Sub- 
terranean forces,  of  whatever  origin,  seemingly  slumber  while 
strains  are  accumulating,  and  then  become  suddenly  manifest 
in  dislocations  and  eruptions,  and  such  catastrophes  affect 
sedimentation. 

A  more  general  rhythm  has  been  ascribed  to  the  tidal  retar- 
dation of  rotation  and  the  resulting  change  of  the  earth's  form. 
If  the  Ixxiy  of  the  earth  has  a  rather  high  rigidity,  we  should 
exi'ject  that  it  would  for  a  time  resist  the  tendency  to  become 
more  nearly  spherical,  while  the  water  of  the  ocean  would  ac- 
commodate itself  to  the  changing  conditions  of  equilibrium  by 
socking  the  higher  latitudes.  Eventually,  however,  the  solid 
earth  \\H>uld  yield  to  the  strain  and  its  figure  become  adjusted 
to  the  slower  notation,  and  then  the  mobile  water  would  re- 
turn. Thus  would  Ix?  causeii  ^x^riixiic  trans^essions  by  the 
sea,  ixxnirring  alternately  in  high  and  low  latitudes. 

Another  genera  1  rhythm  has  Ixxmi  recently  suggested  by 
Chaml>erlin  in  ci>nnoction  with  the  hy|x>thesis  that  secular  vari- 
ations of  climate  aix^  chiefly  due  to  variations  of  the  quantity 
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of  carbon  dioxide  in  the  atmosphere.*  The  system  of  inter- 
dependent factors  he  works  out  is  too  complex  for  presentation 
at  this  time,  and  I  must  content  myself  with  saying  that  his 
explanation  of  the  moraines  of  recession  involves  the  inter- 
action of  a  peculiar  atmospheric  condition  with  a  condition  of 
glaciation,  each  condition  tending  to  aggravate  the  other,  until 
the  cumulative  results  brought  about  a  reaction  and  the  climatic 
pendulum  swung  in  the  opposite  direction.  With  each  succes- 
sive oscillation  the  momentum  was  less,  and  an  equilibrium 
was  finally  reached. 

Few  t)f  these  original  rhythms  have  been  used  in  computa- 
tions of  geologic  time,  and  it  is  not  believed  that  they  have 
any  positive  value  for  that  purpose.  Nevertheless  account 
must  be  taken  of  them,  because  they  compete  with  imposed 
rhythms  for  the  explanation  of  many  phenomena,  and  the  im- 
posed rhythms,  wherever  established,  yield  estimates  of  time. 

The  tidal  period,  or  the  half  of  the  lunar  day,  is  the  shortest 
imposed  rhythm  appealed  to  in  the  explanation  of  the  features 
of  sedimentation.  It  is  quite  conceivable  that  the  bottom  of  a 
quiet  bay  may  receive  at  each  tide  a  thin  deposit  of  mud  which 
could  be  distinguished  in  the  resulting  rock  as  a  papery  layer 
or  lamina.  If  one  could  in  some  way  identify  a  rock  thus 
formed,  he  might  learn  how  many  half-days  its  making  re- 
quired by  counting  its  laminae,  just  as  the  years  of  a  tree's  age 
are  learned  by  counting  its  rings  of  growth. 

The  next  imposed  rhythm  of  geologic  importance  is  the 
year.  There  are  rivers,  like  the  Nile,  having  but  one  notable 
flood  in  each  year,  and  so  depositing  annual  layers  of  sediment 
on  their  alluvial  plains  and  on  the  sea  beds  near  their  mouths. 
Where  oceanic  currents  are  annually  reversed  by  monsoons, 
sedimentation  may  be  regularly  varied,  or  interrupted,  once  a 
year.  Streams  from  a  glacier  cease  to  run  in  winter,  and  this 
annual  interruption  may  give  a  definite  structure  to  resulting 
deposits.  It  is  therefore  probable  that  some  of  the  laminae  or 
strata  of  rocks  represent  years,  but  the  circumstances  are 
rarely  such  that  the  investigator  can  bar  out  the  possibility 
that  part  of  the  markings  or  separations  were  caused  by 
original  rhythms  of  unknown  period. 

»  An  attempt  to  frame  a  working  hypothesis  of  the  cause  of  glacial  periods  on  an 
atmospheric  basis.    Jour.  Geol.,  Vol.  VII,  1899. 
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The  number  of  rhythms  existing  in  the  solar  system  is  very 
large,  but  there  are  only  two,  in  addition  to  the  two  just 
mentioned,  which  seem  competent  to  write  themselves  in  a 
legible  way  in  the  geologic  record.  These  are  the  rhythms  of 
precession  and  eccentricity. 

Because  the  earth's  orbit  is  not  quite  circular  and  the  sun's 
position  is  a  little  out  of  the  center,  or  eccentric,  the  two 
hemispheres  into  which  the  earth  is  divided  by  the  equator  do 
not  receive  their  heat  in  the  same  wa^-.  The  northern  sum- 
mer, or  the  period  during  which  the  northern  hemisphere  is 
inclined  toward  the  sun,  occurs  when  the  earth  is  farthest  from 
the  sun,  and  the  northern  winter  occurs  when  the  earth  is 
nearest  to  the  sun,  or  in  that  part  of  the  orbit  called  perihelion. 
These  relations  are  exactly  reversed  for  the  southern  hemi- 
sphere. The  general  effect  of  this  is  that  the  southern  summer 
is  hotter  than  the  northern  and  the  southern  winter  is  colder 
than  the  northern.  In  the  southern  part  of  the  planet  there  is 
more  contrast  between  summer  and  winter  than  in  the  northern. 
The  sun  sends  to  each  half  the  same  total  quantity  of  heat  in 
the  course  of  a  year,  but  the  difference  in  distribution  makes 
the  climates  different.  The  physics  of  the  atmosphere  is  so 
intricate  a  subject  that  meteorologists  are  not  fully  agreed  as 
to  the  theoretic  consequences  of  these  differences  of  solar 
heating,  but  it  is  generally  believed  that  they  are  important, 
involving  differences  in  the  force  of  the  winds,  in  the  velocity 
and  course  of  ocean  currents,  in  vegetation,  and  in  the  extent 
of  glaciers. 

Now,  the  point  of  interest  in  the  present  connection  is  that 
the  astronomic  relations  which  occasion  these  peculiarities  are 
not  constant,  but  undergo  a  slow  periodic  change.  The 
relation  of  the  seasons  to  the  orbit  is  gradually  shifting,  so 
that  each  season  in  turn  coincides  with  the  perihelion  ;  and  the 
climatic  peculiarities  of  the  two  hemispheres,  so  far  as  they 
depend  on  planetary  motions,  are  periodically  reversed.  The 
time  in  which  the  cycle  of  change  is  completed,  or  the  period 
of  the  rhythm,  is  not  always  the  same,  but  averages  21,000 
years.     It  is  commonly  called  the  precessional  period.^ 

1  strictly  speaking,  21,000  years  is  the  period  of  the  precession  of  the  equinoxes  as 
referred  to  perihelion  ;  but  the  perihelion  is  itself  in  motion.  As  referred  to  a  fixed 
star  the  precession  of  the  equinoxes  has  an  average  period  of  about  25,700  years. 
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Assuming  that  the  climates  of  many  parts  of  the  earth  are 
subject  to  a  secular  cycle,  with  contrasted  phases  every  10,500 
years,  we  should  expect  to  find  records  of  the  cycle  in  the 
sediments.  A  moist  climate  would  tend  to  leach  the  calcareous 
matter  from  the  rock,  leaving  an  earthy  soil  behind,  and  in  a 
succeeding  drier  climate  the  soil  would  be  carried  away  ;  and 
thus  the  adjacent  ocean  would  receive  first  calcareous  and  then 
earthy  sediments.  The  increase  of  glaciers  in  one  hemisphere 
would  not  only  modify  adjacent  sediments  directly,  but,  by 
adding  matter  on  that  side,  would  make  a  small  difference  in 
the  position  of  the  earth's  center  of  gravity.  The  ocean  would 
move  somewhat  toward  the  weighted  hemisphere,  encroaching 
on  some  coasts  and  drawing  down  on  others  ;  and  even  a  small 
change  of  that  sort  would  modify  the  conditions  of  erosion  and 
deposition  to  an  appreciable  extent  in  many  localities. 

Blytt  ascribed  to  this  astronomic  cause  the  alternations  of 
bog  and  forest  in  Scandinavia,  as  well  as  other  sedimentary 
rhythms  observed  in  Europe  ;  and  it  has  seemed  to  me  com- 
petent to  account  for  certain  alternations  of  strata  in  the  Cre- 
taceous formations  of  Colorado.  Croll  used  it  to  explain  inter- 
glacial  epochs,  and  Taylor  has  recently  applied  it  to  the 
moraines  of  recession. 

The  remaining  astronomic  rhythm  of  geologic  import  is 
the  variation  of  eccentricity.  At  the  present  time  our  greatest 
distance  from  the  sun  exceeds  our  least  distance  by  its  thirtieth 
part,  but  the  difference  is  not  usually  so  small  as  this.  It  may 
increase  to  the  seventh  part  of  the  whole  distance,  and  it  may 
fall  to  zero.  Between  these  limits  it  fluctuates  in  a  somewhat 
irregtdar  way,  in  which  the  property  of  periodicity  is  not  con- 
spicuous. The  effect  of  its  fluctuation  is  inseparable  from  the 
precessional  effect,  and  is  related  to  it  as  a  modifying  condi- 
tion. When  the  eccentricity  is  large  the  precessional  rhythm 
is  emphasized  ;  when  it  is  small  the  precessional  effect  is  weak. 

The  variation  of  eccentricity  is  connected  with  the  most 
celebrated  of  all  attempts  to  determine  a  limited  portion  of 
geologic  time.  In  the  elaboration  of  the  theory  of  the  Ice  age 
which  bears  his  name,  Croll  correlated  two  important  epochs 
of  glaciation  with  epochs  of  high  eccentricity  computed  to 
have  occurred  about  100,000  and  210,000  years  ago.     As  the 
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analysis  of  the  glacial  history  progresses,  these  correlations 
will  eventually  be  established  or  disproved,  and  should  they  be 
established  it  is  possible  that  similar  correlations  may  be  made 
between  events  far  more  remote. 

The  studies  of  these  several  rhythms,  while  they  have  led 
to  the  computation  of  various  epochs  and  stages  of  geologic 
time,  have  not  yet  furnished  an  estimate  either  of  the  entire 
age  of  the  earth  or  of  any  large  part  of  it.  Nevertheless  I 
believe  that  they  may  profitably  be  followed  with  that  end  in 
view. 

The  system  of  rock  layers,  great  and  small,  constituting  the 
record  of  sedimentation,  may  be  compared  to  the  scroll  of  a 
chronograph.  The  geologic  scroll  bears  many  separate  lines, 
one  for  each  district  where  rocks  are  well  displayed,  but  these 
are  not  independent,  for  they  are  labeled  by  fossils  and  by 
means  of  these  labels  can  be  arranged  in  proper  relation.  In 
each  time  line  are  little  jogs — changes  in  kind  of  rock  or 
bresks  in  continuity — and  these  jogs  record  contemporary 
events.  A  new  mountain  was  uplifted,  perhaps,  on  the  neigh- 
boring continent,  or  an  old  uplift  received  a  new  impulse. 
Through  what  Davis  calls  stream  piracy  a  river  gained  or  lost 
the  drainage  of  a  tract  of  country.  Escaping  lava  threw  a 
dam  across  the  course  of  a  stream,  or  some  Krakatoa  strewed 
ashes  over  the  land  and  gave  the  rivers  a  new  material  to  work 
on.  The  jogs  may  be  faint  or  strong,  many  or  few,  and  for 
long  distances  the  lines  may  run  smooth  and  straight  ;  but  so 
long  as  the  jogs  are  irregular  they  give  no  clue  to  time. 
Here  and  there,  however,  the  even  line  will  betray  a  regularly 
recurring  indentation  or  undulation,  reflecting  a  rhythm  and 
possibly  significant  of  a  remote  pendulum  whose  rate  of  vibra- 
tion is  known.  If  it  can  be  traced  to  such  a  pendulum  there 
will  result  a  determination  of  the  rate  at  which  the  chrono- 
graph scroll  moved  when  that  part  of  the  record  was  made ; 
and  a  moderate  number  of  such  determinations,  if  well  dis- 
tributed, will  convert  the  whole  scroll  into  a  definite  time 
scale. 

In  other  words,  if  a  sufficient  number  of  the  rhythms  em- 
bodied in  the  strata  can  be  identified  with  particular  imposed 
rhj'thms,  the  rates  of  sedimentation  under  different  circum- 
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stances  and  at  different  times  will  become  known,  and  eventu- 
ally so  many  parts  of  geologic  time  will  have  become  subject 
to  direct  calculation  that  the  intervals  can  be  rationally  bridged 
over  by  the  aid  of  time  ratios. 

For  this  purpose  there  is  only  one  of  the  imposed  rhythms 
of  practical  value,  namely,  the  precessional ;  but  that  one  is, 
in  my  judgment,  of  high  value.  The  tidal  rhythm  can  not  be 
expected  to  characterize  any  thick  formation.  The  annual  is 
liable  to  confusion  with  a  variety  of  original  rhythms,  especially 
those  connected  with  storms.  The  rhythm  of  eccentricity, 
being  theoretically  expressed  only  as  an  accentuation  of  the 
precessional,  can  not  ordinarily  be  distinguished  from  it.  But 
none  of  these  qualifications  apply  to  the  precessional.  It  is 
not  liable  to  confusion  with  the  tidal  and  annual  because  its 
period  is  so  much  longer,  being  more  than  2000  times  that  of 
the  annual.  It  has  an  eminently  practical  and  convenient 
mftgnitude,  in  that  its  physical  manifestation  is  well  above  the 
microscopic  plane,  and  yet  not  so  large  as  to  prevent  the  fre- 
quent bringing  of  several  examples  into  a  single  view.  It  is 
also  practically  regular  in  period,  rarely  deviating  from  the 
average  length  by  more  than  the  tenth  part. 

From  the  greater  number  of  original  rhythms  it  is  distin- 
guished, just  as  from  the  annual  and  tidal,  by  magnitude. 
The  practical  geologist  would  never  confuse  the  deposit  occa- 
sioned by  a  single  storm,  for  example,  with  the  sediments  ac- 
cumulated during  an  astronomic  cycle  of  20,000  years.  But 
there  are  other  original  rhythms,  known  or  surmised,  which 
might  have  magnitudes  of  the  same  general  order,  and  to  dis- 
criminate the  precessional  from  these  it  is  necessary  to  employ 
other  characters.  Such  characters  are  found  in  its  regularity 
or  evenness  of  period,  and  in  its  practical  perpetuity.  The 
diversion  of  the  mouth  of  a  great  river,  such  as  the  Hoang  Ho 
or  the  Mississippi,  might  recur  only  after  long  intervals ;  but 
from  what  we  know  of  the  behavior  of  smaller  streams  we  may 
be  sure  that  such  events  would  be  very  irregular  in  time  as 
well  as  in  other  ways.  The  intervals  between  volcanic  erup- 
tions at  a  particular  vent  or  in  a  particular  district  may  at 
times  amount  to  thousands  of  years,  but  their  irregularity  is  a 
characteristic  feature.     The  same .  is  true  of  the  recurrent  up- 
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lifts  by  which  mountains  grow,  so  far  as  we  may  judge  them 
by  the  related  phenomena  of  earthquakes ;  and  the  same  cate- 
gory would  seem  to  hold  also  the  theoretically  recurrent  col- 
lapse of  the  globe  under  the  strains  arising  from  the  slowing 
of  rotation.  The  carbon  dioxide  rhythm,  known  as  yet  only 
in  the  field  of  hypothesis,  is  hypothetically  a  running-down 
oscillation  like  the  lessening  sway  of  the  cradle  when  the  push 
is  no  longer  given. 

But  the  precessional  motion  pulses  steadily  on  through  the 
ages,  like  the  swing  of  a  f rictionless  pendulum.  Its  throb  may 
or  may  not  be  caught  by  the  geologic  process  which  obtains  in 
a  particular  province  and  in  a  particular  era,  but  whenever  the 
conditions  are  favorable  and  the  connection  is  made,  the  record 
should  reflect  the  persistence  and  the  regularity  of  the  inciting 
rhythm. 

The  search  of  the  rocks  for  records  of  the  ticks  of  the  pre- 
cessional clock  is  an  out-of-door  work.  Pursued  as  a  clos«t 
study  it  could  have  no  satisfactory  outcome,  because  the 
printed  descriptions  of  rock  sequences  are  not  sufficiently  com- 
plete for  the  purpose ;  and  the  closet  study  of  geology  is 
peculiarly  exposed  to  the  perils  of  hobby-riding.  A  student 
of  the  time  problem  can  not  be  sure  of  a  persistent,  equable 
sedimentary  rhythm  without  direct  observation  of  the 
characters  of  the  repeated  layers.  He  needs  to  avail  himself 
of  every  opportunity  to  study  the  series  in  its  horizontal  extent, 
and  he  should  view  the  local  problem  of  original  versus 
imposed  rhythm  with  the  aid  of  all  the  light  which  the  field 
evidence  can  cast  on  the  conditions  of  sedimentation. 

Neither  do  I  think  of  rhythm  seeking  as  a  pursuit  to  absorb 
the  whole  time  and  energy  of  an  individual  and  be  followed 
steadily  to  a  conclusion  ;  but  hope  rather  that  it  may  receive 
the  incidental  and  occasional  attention  of  many  of  my  col- 
leagues of  the  hammer,  as  other  errands  lead  them  among  cliffs 
of  bedded  rocks.  If  my  suggestion  should  succeed  in  adding 
a  working  hypothesis  or  point  of  view  to  the  equipment  of 
field  geologists,  I  should  feel  that  the  search  had  been  begun 
in  the  most  promising  and  advantageous  manner.  For  not 
only  would  the  subject  of  rhythms  and  their  interpretation  be 
advanced  by  reactions  from  multifarious  individual  experiences. 
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but  the  Stimulus  of  another  hypothesis  would  lead  to  the  dis- 
covery of  unexpected  meanings  in  stratigraphic  detail. 

It  is  one  of  the  fortunate  qualities  of  scientific  research  that 
its  incidental  and  unanticipated  results  are  not  infrequently  of 
equal  or  even  greater  value  than  those  directly  sought. 
Indeed,  if  it  were  not  so  there  would  be  no  utilitarian  harvest 
from  the  cultivation  of  the  field  of  pure  science. 

^  In  advocating  the  adoption  of  a  new  point  of  view  from 
which  to  peer  into  the  mysterious  past,  I  would  not  be  under- 
stood to  advise  the  abandonment  of  old  standpoints,  but 
rather  to  emulate  the  surveyor,  who  makes  measurement  to 
inaccessible  points  by  means  of  bearings  from  different  sides. 
Every  independent  bearing  on  the  earth's  beginning  is  a  check 
on  other  bearings,  and  it  is  through  the  study  of  discrepancies 
that  we  are  to  discover  the  refractions  by  which  our  lines  of 
sight  are  warped  and  twisted.  The  three  principal  lines  we 
have  now  projected  into  the  abyss  of  time  miss  one  another 
altogether,  so  that  there  is  no  point  of  intersection.  If  any  one 
of  them  is  straight,  both  the  others  are  hopelessly  crooked.  If 
we  would  succeed  we  should  not  only  take  new  bearings  from 
each  discovered  point  of  vantage,  but  strive  in  every  way  to 
discover  the  sources  of  error  in  the  bearings  we  have  already 
attempted. 
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ON  THE  TEACHING  OF  ASTRONOMY  IN  THE   UNITED 

STATES. 


Having  to  teach  astronomy  at  the  University  of  Michigan, 
it  has  been  necessary  for  me  to  make  inquiries  regarding  the 
instruction  in  this  subject  given  at  other  universities.  I  have 
tried  to  learn  also  the  character  of  the  work  done  at  the  differ- 
ent observatories,  from  the  point  of  view  of  the  development 
of  students  and  the  encouragement  of  the  spirit  of  scientific 
research.  Thus  I  propose  to  discuss  briefly  the  position  taken 
by  our  colleges,  and  observatories  also,  in  the  teaching  of 
astronomy. 

Not  so  very  long  ago  in  this  country  of  ours,  which  is  rather 
new  after  all,  many  of  the  young  men  educated  at  the  colleges 
were  intended  for  the  ministry.  They  were  trained  in  Latin, 
Greek,  Hebrew,  and  a  little  natural  philosophy,  as  it  was 
called,  this  latter  subject  including  all  the  known  sciences,  and 
being  taught  by  one  man.  There  was  almost  no  laboratory 
work.  At  present,  whether  for  good  or  ill,  the  rule  of  the 
clergymen  over  our  colleges  is  pretty  well  broken.  The  old 
style  college  president,  usually  a  clergyman  of  scholarly  tastes 
and  sympathies,  who  teaches  the  seniors  moral  philosophy,  is 
becoming  rare.  His  place  is  being  taken  by  the  sharp  busi- 
ness man,  who  in  his  scholarship  corresponds  very  much  to  a 
librarian,  having  a  wide  knowledge,  but  not  necessarily  an 
accurate  one  in  any  subject. 
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Of  late  years  the  elective  system  has  been  introduced,  and 
has  been  extended  very  far,  so  that  a  degree  may  represent 
almost  anything,  in  many  cases  a  good  deal  of  technical  and 
professional  work  being  included.  If  a  large  number  of 
students  are  to  go  to  college  it  is  necessary,  probably,  that  the 
technical  studies  should  be  allowed  to  remain,  as  many  would 
not  have  the  means  to  give  themselves  a  liberal  education. 

Of  course,  it  is  hard  to  discuss  in  a  fair  and  intelligent  way 
the  intrinsic  merit  of  astronomy  or  any  other  study.  I 
believe  myself  that  students  who  can  manage  it  ought  to  obtain 
something  of  a  classical  training.  But  in  the  case  of  any  given 
student  who  elects  Latin,  for  instance,  is  the  subject  really 
chosen  for  the  culture  which  it  gives  ?  I  must  say  that  in 
most  cases  that  I  know  about  I  can't  tell.  Sometimes  I  think 
that  in  college  all  studies  ought  to  be  elective  with  the  excep- 
tion of  a  moderate  requirement  in  English,  and  that  as  regards 
mental  discipline  and  culture  one  thing  is  about  as  good  as 
another,  if  it  is  properly  taught. 

To  begin  with  the  elementary  astronomy,  it  seems  to  me 
that  it  should  be  taught  in  the  high  schools  and  preparatory 
schools  as  well  as  in  the  colleges.  Preparatory  work  in  it 
ought  to  be  accepted  for  admission  to  college.  By  elementary 
astronomy  I  mean  those  common,  every-day  facts  of  the 
science  which  can  be  learned  by  any  intelligent  student  without 
mathematical  training ;  for  example,  why  the  stars  rise  and 
set,  the  motions  of  the  planets  and  the  moon  among  the  stars, 
the  reason  for  the  seasons,  the  names  of  the  principal  constel- 
lations and  why  they  seem  to  change  with  the  seasons.  These 
are  things  that  are  before  our  eyes  all  the  time,  and  everyone 
who  is  fairly  well  educated  ought  to  know  something  about 
them.  I  would  not  say  that  this  astronomy  ought  to  be  re- 
quired for  entrance  to  college,  but  it  ought  to  stand  on  the  same 
plane  as  botany,  for  instance,  and  zoology. 

As  a  culture  study  in  college  I  would  bring  to  your  notice 
also  the  history  of  Astronomy.  The  study  of  this  science  no 
doubt  goes  back  to  a  time  before  we  have  any  historical 
records,  and  probably  was  connected  with  religious  worship 
and  festivals.  The  motions  of  the  sun,  moon,  and  planets  were 
watched  and  studied.     It  was  seen  very  soon  that  the  seasons 
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and  crops  and  life  on  the  earth  depended  on  the  sun's  position 
in  the  sky.  Thus  the  sun  was  worshiped  as  a  god,  giver  of 
life  and  harvests.  It  may  be  that  our  Christmas  is  the  rem- 
nant of  an  old  pagan  festival  when  rejoicing  was  had  because 
now  the  sun  would  turn  and  go  north  and  winter  would  leave  the 
northern  hemisphere,  and  vegetation  and  life  would  come  back. 

Therefore  in  the  earliest  times  astronomy  was  studied  a 
good  deal  by  the  priests.  They  kept  the  calendar  and  the 
dates  of  the  religious  festivals.  They  followed  the  motions  of 
the  sun,  moon,  and  planets,  and  knew  that  the  planets  some- 
times advanced  and  sometimes  retrograded  in  the  sky.  They 
had  a  considerable  observational  knowledge  of  the  heavens. 
It  is  said  the  Chaldeans  had  a  very  exact  calendar,  better  than 
ours,  and  giving  only  an  error  of  one  day  in  10,000  years. 
They  must  therefore  have  known  the  length  of  the  tropical 
year  with  great  exactness. 

It  would  be  natural,  too,  for  the  sailors  of  the  Mediterranean 
Sea  to  have  considerable  practical  knowledge  of  astronomy. 
Much  commerce  was  carried  on  this  sea.  The  Phoenicians 
voyaged  to  Britain  and  Spain  and  Carthage.  The  Greeks  had 
many  distant  settlements.  The  Romans  had  large  navies, 
and  sailed  over  all  the  Mediterranean  and  to  Britain. 

But  I  think  one  of  the  most  interesting  portions  of  the 
history  of  astronomy  would  be  the  philosophical  study  of  the 
diflFerent  theories  of  the  universe.  Pythagoras  is  said  to  have 
taught  the  true  system  of  the  world,  that  the  earth  moves 
around  the  sun  and  at  the  same  time  turns  on  its  own  axis. 
But  probably  this  was  only  one  of  the  doctrines  of  the  specu- 
lative Greek  philosophers,  and  it  was  soon  abandoned. 

It  is  a  curious  fact  that  the  system  of  Ptolemy  prevailed 
for  fourteen  centuries,  and  that  the  new  ideas  of  Copernicus, 
Galileo,  and  Kepler  were  so  long  in  being  adopted.  This  may 
have  been  because  the  natural  vanity  of  the  human  race  was 
appealed  to  by  making  the  earth  the  center  of  the  Universe. 
The  Ptolemaic  theory  had  come  to  be  supported  also  by  the 
church,  by  the  old  Greek  philosophy,  and  by  all  the  weight 
of  authority.  The  new  theories  of  Galileo  were  opposed,  no 
doubt,  to  the  hopes,  fears  and  prejudices  held  at  that  time  by 
mankind  ;  his  treatment  by  the  church  represented  these  and 
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can  not  be  charged  to  any  particular  church.  But  it  is  a 
strange  commentary  on  the  fallibility  of  human  authority  and 
prejudice.  Even  now  most  people  have  little  knowledge  of 
the  scientific  method  of  experimentation. 

As  affairs  are  really  conducted  it  is  difl&cult  to  secure  any 
readjustment  of  studies,  since  so  much  of  practical  college 
politics  is  involved.  First  it  is  necessary  to  secure  a  vote  of 
the  faculty,  then  the  president  appoints  a  committee,  and  a 
majority  of  the  committee  divides  among  itself  anything  there 
is  in  the  way  of  profit.  Thus,  in  the  case  of  some  studies  a 
sort  of  endless  chain  arrangement  has  been  established,  the 
college  requiring  the  subject  for  entrance  and  after  entrance, 
and  in  that  way  being  enabled  to  send  out  a  large  number  of 
students  to  teach  it.  A  number  of  high  school  teachers  of 
astronomy  have  told  me  that  they  were  not  able  to  obtain 
money  for  apparatus  because  the  subject  could  not  be  offered 
for  admission  to  college. 

It  would  seem  to  me  that  all  who  have  had  a  long  enough 
training  ought  to  be  encouraged  to  come  to  college,  even 
though  they  may  not  have  beg^n  with  that  idea,  but  may 
have  intended  to  stop  with  the  high  school.  Therefore  the 
number  of  subjects  to  be  received  for  admission  ought  to  be  a 
pretty  large  one,  so  that  the  student  may  use  toy  study  that 
he  has  taken.  The  tendency  is,  I  think,  in  this  direction,  as 
well  as  toward  a  greater  freedom  of  choice  of  studies. 

Regarding  the  astronomy  which  is  somewhat  more  advanced 
than  the  beginning  work,  as  spherical  astronomy  and  the  ele- 
ments of  celestial  mechanics,  these  subjects  might  be  more 
generally  taught  than  they  are  at  present,  both  as  a  part  of  a 
liberal  education,  and  looking  at  them  from  a  commercial  point 
of  view.  I  will  explain  what  I  mean  by  this  latter  phrase  by 
taking  the  case  of  Latin  again.  For  many  students  Latin  is 
just  as  much  a  technical  training  as  that  of  a  bridge  engineer. 
They  do  not  care  for  it  especially,  but  expect  to  teach  it  as 
soon  as  they  graduate,  and  earn  money,  and  they  are  obliged 
to  look  at  the  subject  in  that  light.  Taking,  then,  what  might 
be  called  a  practical  standpoint,  some  astronomy  is  necessary 
in  all  sur\'eying  and  geodetic  operations,  and  a  number  of  en- 
gineering schools  and  colleges  offer  courses  in  field  work. 
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Most  of  the  teachers  of  mathematics  and  physics  in  the 
small  colleges  are  required  to  give  instruction  also  in  astron- 
omy. It  would  be  worth  while  for  them  to  fit  themselves  to  do 
this  well,  both  the  use  of  instruments  and  some  of  the  mathe- 
matical theory.  Also,  in  this  present  epoch  of  the  function 
theory  and  higher  algebra  there  is  a  real  need  of  men  who  are 
qualified  to  teach  applied  mathematics.  So  many  mathemat- 
ical processes  have  been  invented  by  the  masters  for  the  solution 
of  astronomical  questions,  especially  in  differential  equations 
and  theoretical  mechanics,  that  every  teacher  of  applied  mathe- 
tics  ought  to  have  some  knowledge  of  astronomy. 

Extended  instruction  in  celestial  mechanics  is  offered  in  few 
colleges.  Not  many  men  can  be  found  who  are  qualified  to 
teach  it,  and  perhaps  it  is  hardly  advisable  for  the  student  to 
go  very  far  unless  he  has  special  gifts  in  that  direction.  But 
it  certainly  requires  a  much  higher  order  of  ability  to  make 
advances  in  celestial  mechanics  than  to  execute  what  are  ordi- 
narily called  scientific  researches,  and  colleges  that  have  the 
means  ought  to  provide  for  the  men  of  this  superior  ability. 
I  dwell  on  this  somewhat,  as  the  difference  is  not  very  clearly 
understood  between  ordinary,  routine,  respectable  work,  and 
that  which  involves  some  distinct  progress.  Ability  to  do  the 
latter  is  a  gift  with  which  a  very  few  men  are  bom,  just  as 
there  are  very  few  good  artists  and  good  poets.  Some  of  the 
best  known  and  ablest  scholars  of  the  w^orld  have  been  those 
who  have  made  substantial  advances  in  celestial  mechanics. 
I  do  not  see  why  such  men  should  not  be  supported  and  en- 
couraged by  the  colleges  as  well  as  those  w^ho  study  Hebrew% 
for  instance.  The  w^orking  out  and  discussion  of  the  law^s 
which  govern  our  universe  gives  strength  to  a  natural  theology 
much  more  than  does  a  study  of  Hebrew. 

For  extended  instruction  in  practical  astronomy  and  observ- 
atory work,  opportunities  are  now  offered  at  a  number  of 
places  in  this  country.  Not  many  years  ago  it  was  difficult  to 
obtain  it.  It  was  given  regularly  only  at  one  or  two  places, 
and  occasionally  as  a  sort  of  personal  favor  by  a  working 
astronomer.  Some  twenty  years  back  most  of  such  teaching 
was  done  by  Professor  Stone,  now  of  the  University  of  Vir- 
ginia.    I  think  it  is  hardly  understood  how  much  he  did  in 
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this  direction,  and  how  many  men  were  once  students  with 
him  who  are  now  active  in  the  science  or  have  influential  posi- 
tions in  the  educational  world. 

The  best  equipped  observatory  for  teaching  purposes  that  I 
know  of  is  at  Princeton,  built,  I  believe,  under  the  direction 
of  Professor  Young.  A  number  of  other  colleges  have  observ- 
atories, keep  them  up  well,  and  ofiFer  good  courses  of  instruc- 
tion, both  elementary  and  graduate.  In  the  large  astronom- 
ical establishments  there  is  a  tendency  sometimes  towards  the 
factory  system,  which  is  to  be  regretted.  But  where  the 
question  is  of  obtaining  the  greatest  amoiuit  of  work  from  a 
given  income,  something  of  the  kind  may  be  unavoidable, 
though  when  carried  too  far  it  tends  toward  the  extinction 
rather  than  the  extension  of  research.  I  have  been  told  that 
after  he  became  an  old  man,  Sir  George  Airy  regretted  that  he 
had  introduced  such  a  system  at  Greenwich.  However,  at 
almost  all  the  college  obser\'atories  that  I  know  of  some  atten- 
tion is  given  to  students.  It  is  recognized  that  it  is  just  as  im- 
|x>rtant  to  train  men  as  to  carr>'  on  in^xstigations,  the  German 
view»  and  probably  the  result  of  so  many  of  our  young  men 
going  to  Germany  to  study. 

With  regard  to  the  part  that  governmental  institutions 
ought  to  take  in  training  students  and  the  encooragement  of 
original  research,  it  is  diflBcult  to  make  a  criticism.  They  are 
often  engaged  on  pieces  of  heavy  work,  extending  over  long 
intt^r\*als  of  time,  which  private  estabUshments  can  not  under- 
lAkc.  It  may  he  somewhat  necessary  to  have  this  done  in  a 
unuinc  w*ay,  without  much  nfganl  to  whether  the  computer  or 
«^ssist;)nt  is  bcnctitevi  or  is  making  any  pix^rpcss  in  scholarship. 
The  Nav;U  Obs^rv-Atorx'  is  rc^^uirevl.  for  instance,  to  keep  np  ob- 
scn;xtio«s  of  the  sun,  ukxw.  ami  planets.  However,  some  ar- 
i^AiXjirwtcttt  ntii^hi  Ite  ma^ic  u>  cbar,p^  assistants  about  and  give 
them  cxj>criciKV  in  c\x:y  kin^i  <\l  in\>?sti^tion  that  is  being 
v^an^<\l  \M>  at  a^*a  *v,>ti:x:tu\n.  It  n:i}:ht  be  wise  to  appoint 
wicu  o«  s?v,all  saU:ios  a:  sirs:.  a:>\i  al\^w  thesn  half  their  time 
KM  st;^^\ 

U  >s  r.^^n-'st^vc  ^^  \v>k  ow:  :hc  nAis^cs  *>:  the  taen  connected 
xx^h  :hr  .<n\  '-.^'^v  •\>4»y^.\*-.>  :r.  :V  oarvy  x-earst  ot  its  history. 
\  t5x>^l  l^Aviv  ^V^va^v.'jr,  ^V^w    v^n;^,Xv   N^^«vx«qK  Hill,  Van 
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Vleck,  Runkle,  Ferrel,  and  others  who  became  well  known  in 
science.  I  have  not  had  an  opportunity  to  find  out  how  the 
office  was  managed. 

I  have  made  some  examination  of  the  theses  in  practical 
astronomy  produced  in  this  country,  and  have  attempted  to 
compare  them  with  those  presented  in  Germany  and  France. 
On  the  whole,  I  think  we  make  a  creditable  showing.  Per- 
haps our  instruction  is  not  so  thorough  and  painstaking  as 
that  given  abroad.  There  may  be  with  us  a  tendency  to  be 
satisfied  with  making  observations  merely,  without  discussing 
them  properly  or  attempting  to  derive  the  best  results.  For 
educational  purposes  I  think  too  great  emphasis  can  not  be 
given  to  the  distinction  between  the  two  kinds  of  work  I  have 
referred  to.  That  which  is  planned  and  carried  out  in  a  scien- 
tific way  alone  has  value.  No  matter  what  skill  one  may  have 
in  observing  or  making  photographs,  if  he  can  not  discuss  his 
observations  or  photographs  he  stands  very  much  in  the  rela- 
tion of  a  skilful  stone-cutter  to  the  architect  of  a  building. 
Very  many  good  photographers  can  be  found  in  the  galleries 
of  our  cities,  men  of  great  experience  and  skill,  but  most  of 
them  have  no  scientific  standing,  and  deserve  none,  though 
with  a  little  additional  experience  they  could  make  good  astro- 
nomical photographs.  It  is  true,  also,  that  many  theoretical 
problems  can  be  solved  without  having  much  idea  of  the  theory 
involved.  Orbits  are  computed  by  men  who  do  not  know 
very  well  the  meaning  of  the  formulas  they  are  using.  Ques- 
tions in  perturbations  are  worked  out  in  the  same  way.  Often 
good  and  useful  results  are  thus  obtained.  But  this  technical 
skill  in  using  instruments  or  handling  formulas,  though  neces- 
sary, is  not  a  faculty  of  the  highest  order.  At  the  same  time, 
however,  it  ought  to  be  remembered  that  it  is  something  very 
useful,  and  can  not  be  obtained  to  a  high  degree  without  years 
of  experience. 

In  practical  astronomy,  I  would  say  that  our  model  ought 
to  be  Bessel,  that  he  combined  in  just  the  right  proportion 
theoretical  knowledge  with  skill  in  handling  instruments  and 
ability  to  obtain  from  an  instrument  the  best  results.  Espe- 
cially in  relation  to  college  instruction  do  I  think  it  worth  while 
to  call  attention  to  Bessel' s  papers. 
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It  is  true  that  men  of  ability  will  get  on  without  teachers, 
and  that  teachers  can  not  furnish  brains.  But  it  is  also  true 
that  a  good  teacher  can  be  of  ver>-  great  help  even  to  men  of 
genius.  We  all  have  known  such,  uneducated  or  self-educated, 
who  would  have  been  helped  much,  and  kept  from  bad  blun- 
ders if  they  could  have  had  some  training.  Encke.  Argelan- 
der,  Schonfeld,  Gould.  Briinnow,  Watson,  all  studied  with 
experienced  astronomers,  who  are  known  by  their  students  as 
well  as  by  their  scientific  labors.  Most  of  the  men  just  men- 
tioned were  teachers  also,  and  probably  left  their  impress  upon 
the  science  to  as  great  an  extent  through  their  teaching  as 
through  their  scientific  investigations.  It  is  worth  while  to 
take  a  book  like  Watson's  "Theoretical  Astronomy/'  and  look 
over  some  of  the  articles,  such  as  the  theor>'  of  the  computa- 
tion of  an  elliptic  orbit,  and  the  theor>-  of  special  perturba- 
tions, and  then  examine  the  treatment  gi\'en  by  the  diflFerent 
teachers,  and  see  how  these  theories,  after  lea\Tng  the  hands 
of  Gauss,  the  great  master,  were  modified  somewhat  by  Encke, 
who  was  a  student  \inth  Gauss,  and  finally  by  Briinnow  and 
Watson,  Briinnow  ha\'ing  studied  with  Encke,  and  Watson 
with  Briinnow.  There  is  no  doubt  that  Tisserand  did  a  great 
ser\nce  to  astronomy  by  publishing  his  *'M^canique  C61este/' 
putting  in  a  clear  and  elegant  form  the  principal  facts  of  math- 
ematical astronomy,  though  it  is  hardly  to  be  ranked  with  the 
making  of  important  advances  in  the  science  itself. 

I  think  that  the  standard  of  scholarship  in  this  country  is 
steadily  becoming  higher,  and  that  we  are  having  better  op- 
portunities for  instruction  in  astronomy  as  well  as  the  other 
sciences.  For,  however  much  it  may  hurt  our  national  vanity, 
the  criticisms  of  such  men  as  Henry  James,  on  our  ci\dlization, 
are  sound.  We  are  a  new  countr>'.  Our  first  business  has 
been  to  clear  it  up  and  make  roads.  We  are  a  nation  of  busi- 
ness men,  trades  people.  Commercial  ideas  control  to  some 
extent  our  college  education,  and  we  lack  much  that  in  older 
countries  makes  for  the  advancement  of  science  and  art.  But 
time  has  changed  this  somewhat,  and  I  think  it  will  change  it 
more. 

With  regard  to  all  the  sciences  a  large  number  of  misstate- 
ments are  made  regarding  their  commercial  x-alue.     Probably 
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astronomy  has  been  of  as  much  benefit  to  mankind  as  any. 
Every  ocean  passenger  owes  to  it  his  safe  and  rapid  passage. 
Through  its  help  the  carriage  of  every  ton  of  freight  is  made 
cheaper.  It  would  be  difl&cult  to  calculate  the  money  value  it 
has  been  to  the  world. 

The  conception  which  most  people  have  of  the  nature  of  the 
questions  to  be  solved  in  astronomy  is  a  false  one.  They  look 
on  them  as  text-book  problems  in  mathematics  which  are 
arranged  to  come  out  nicely.  They  suppose  such  questions 
can  be  solved  definitely  and  exactly,  once  for  all.  They  do 
not  know  that  instruments  are  imperfect,  and  that  observers 
have  personal  errors,  nor  that  it  is  possible  to  be  sure  only  to  a 
certain  limit,  personal  opinion  founded  on  experience  carrying 
us  a  little  farther,  and  the  rest  being  uncertain,  though 
methods  and  instruments  and  mathematical  conceptions  may 
after  a  while  be  improved.  Many  people,  too,  and  well-educa- 
ted ones,  have  very  curious  ideas  as  to  the  amount  of  labor  in- 
volved in  the  solution  of  questions  in  astronomy,  and  as  to  the 
progress  of  the  science.  An  intelligent  doctor,  who  knows  that 
the  science  of  medicine,  as  far  as  it  is  a  science,  is  something 
of  slow  growth,  who  experiments  for  a  year  or  two  on  some 
fairly  simple  question,  can  not  understand  the  same  thing  in 
astronomy,  and  thinks  that  it  was  really  founded  and  developed 
by  some  one  whom  he  happens  to  know  about. 

In  the  case  of  small  observatories,  where  teaching  is 
expected  of  the  astronomer,  the  question  of  economy  of  time 
is  a  difl&cult  one.  At  Harvard  and  Johns  Hopkins,  for  instance, 
six  hours  of  lectures  per  week  would  be  expected  to  occupy 
half  of  a  teacher's  time,  while  in  a  small  establishment  one  can 
not  give  that  proportion  and  make  and  reduce  observations. 
At  the  smaller  observatories,  too,  there  is  diflfiiculty  in 
requiring  proper  preparation  and  in  enforcing  a  high  standard 
of  scholarship.  Men  who  believe  that  the  training  in  law, 
medicine,  or  engineering  should  be  thorough  and  severe, 
because  they  think  the  students  will  be  better  off  commercially, 
can  not  understand  that  students  in  astronomy  ought  to  have 
the  same  thorough  discipline. 
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[abstracts.] 

Report  on  the  Groups  of  an  Infinite  Order.  By  Dr.  G.  A.  Mii.- 
i,ER,  Cornell  University,  Ithaca,  N.  Y. 

In  order  to  give  definiteness  to  what  follows  it  is  necessary  to  state  ex- 
plicitly what  we  mean  by  the  term  group,  for  this  term  has  been  defined 
differently  by  various  writers.  The  most  general  definition  that  has  been 
proposed  is  as  follows  :^  if  a  set  of  distinct  operators  has  the  property  that 
no  new  operator  is  obtained  by  combining  all  operators  of  the  set,  in 
every  possible  manner,  according  to  a  definite  law,  then  these  operators 
constitute  a  group  with  respect  to  the  given  laws  of  combination.  Follow- 
ing Frobenius,  Weber,  and  others  we  shall  say  that  the  given  set  of  oper- 
ators does  not  constitute  a  group  unless  it  satisfies  the  following  condi- 
tions in  addition  to  those  just  given  :  (i)  The  operators  nmst  be  associate 
when  combined  according  to  the  given  law  ;  (2)  From  either  of  the  two 
equations,  5,5,  =  s^Sji  s^s^  =  s^'i  it  follows  that  ^j  —  ^V.  (3)  If  any  two  of 
the  operators  of  the  equation  s^Sj  =  s^  are  in  the  set  the  third  operator 
may  be  assumed  to  be  in  the  set  and  it  is  completely  determined  by  this 
equation. 

One  of  the  best  known  examples  of  a  group  of  an  indefinitely  large 
order  is  furnished  by  the  integers  when  they  are  combined  according  to 
ordinary  addition.  As  5— « is  the  inverse  of  5*  it  is  clear  that  negative  ex- 
ponents of  operators  may  be  employed  to  indicate  substration  and  that 
5*  =  o  =  identity.  The  given  group  is  therefore  cyclical  being  composed 
of  the  positive  and  negative  powers  of  5=  i.  It  is  evident  that  all  the 
multiples  of  any  given  integers  m{  |wl  >i)  constitute  a  subgroup  of  this 
cyclical  group.  All  these  subgroups  are  also  of  an  indefinitely  large 
order. 

In  order  to  obtain  a  subgroup  of  a  finite  order  we  may  take  the  com- 
plete series  of  smallest  positive  residues  mod  w  (o,  I,  2,  ...,  m—i).  When 
we  combine  any  two  numbers  of  this  series  by  addition  and  use  the  small- 
est positive  residue  of  the  sum  we  clearly  obtain  another  number  of  the 
same  series.  These  m,  numbers  constitute  a  cyclical  group  which  is  gen- 
erated by  any  one  of  the  ^  (fn)  numbers  of  the  series  which  are  prime  to 
m.  Hence  we  observe  that  the  integers,  when  combined  by  addition , 
furnish  very  elementary  examples  of  groups  of  a  finite  order  as  well  as  o'f 
groups  of  an  indefinitely  large  order. 

Since  x  cannot  be  an  integer  in  the  equation  8;r  —  19  it  follows  that  the 
*  lyie  :  he  Centenaire  de  T^cole  normale,  1895,  p.  486  ;  </.  Klein:  Vorlesungen  Uber 
das  Ikosaeder,  1884,  p.  5. 
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integers  do  not  constitute  a  group  with  respect  to  multiplication.^  The 
commensurable  numbers  which  exceed  zero,  on  the  contrary,  constitute 
such  a  group.  Those  which  are  less  than  zero  do  not  constitute  a  group, 
but,  together  with  those  that  exceed  zero,  they  evidently  constitute  a 
group  with  respect  to  the  given  operation.  This  group  is  included  in  the 
one  formed  by  all  the  real  numbers  except  zero,  while  all  these  groups  of 
infinite  order  are  included  in  the  abelian  group  formed  by  multiplexing 
together  all  the  finite  complex  numbers  whose  absolute  value  exceeds  zero. 

Although  all  the  integers  do  not  form  a  group  with  respect  to  multipli- 
cation ,  yet  it  is  clear  that  all  the  powers  of  any  given  integer  with  the  ex- 
ception of  o  and  i,  constitute  a  group  of  an  indefinitely  large  order  with 
respect  to  this  operation.  In  order  to  obtain  a  group  of  a  finite  order  by 
multiplying  integers  together  we  may  take  the  ^  (m)  positive  numbers 
which  are  less  than  m  and  prime  to  it  and  replace  their  products  by  the 
least  positive  residues  modulus  m.  We  thus  obtain  a  ver>»  imp>ortant  class 
of  abelian  groups  which  has  been  studied  by  Weber  and  others. - 

While  the  fundamental  operations  addition,  multiplication,  and  their 
inverses  furnish  such  lucid  examples  of  groups  of  an  infinite  as  well  as  of 
a  finite  order,  yet  it  is  not  customary  to  claim  that  the  theory  of  groups  is 
as  old  as  these  elementary  operations.  At  least  one  group  property  of 
these  operators  must  have  been  observed  very  early  ;  viz.^  that  the  suc- 
cessive application  of  two  operators  is  equivalent  to  that  of  some  one  of 
them.  While  this  concept  was  of  great  theoretic  interest  yet  it  did  not 
enter  explicitly  into  the  use  of  these  fundamental  operations  and  hence  it 
may  perhaps  be  said  to  have  played  a  secondary  role  in  the  developments 
along  this  line. 

It  is  difficult  to  determine  when  the  concept  of  group  of  an  infinite  order 
became  sufficiently  prominent  to  give  rise  to  a  theory.  The  memoirs  on 
the  groups  of  movements,  published  by  Jordan  in  the  Paris  Comptes  Ren- 
dus.  Vol.  65,  1867,  and  in  the  Annali  di  Matetnatica,  Vol.  2,  1868,  may 
perhaps  be  the  most  worthy  of  this  distinction.  No  general  definition  of 
group  is  given  but  for  the  operators  under  consideration  the  special  defi- 
nition given  on  page  229  of  the  first  one  of  the  given  memoirs  seems  suffi- 
cient. Jordan  points  out  that  the  determination  of  all  the  groups  of  move- 
ments is  equivalent  to  the  detennination  of  all  the  possible  systems  of 
molecules  which  can  be  superposed  in  different  positions. 

Bravais  had  studied  this  question  from  the  latter  point  of  view,  and, 
among  other  important  results,  he  had  practically  arrived  at  the  groups  of 
the  regular  p>olyedrons^  but  the  group  concept  does  not  occupy  a  promi- 
nent place  in  the  investigations  of  Bravais  while  it  stands  out  very  promi- 
nently in  the  memoirs  of  Jordan  cited  above.     Since  these  memoirs  were 
inspired  by  those  of  Bravais  it  might  be  said  that  the  theory  of  groups  of 
an  infinite  order  has  its  source  in  the  theory  of  the  structure  of  crystals. 
We  proceed  to  give  a  brief  outline  of  the  memoirs  of  Jordan. 
»  Weber  :  I^ehrbuch  der  Algebra,  1899,  p.  4  ;  c/".  1896,  p.  54. 
«  Ibid  ;  also  Bumside,  "  Theory  of  Groups  of  a  Finite  Order,"  1897,  p.  239. 
»  Bnavais  :  Journal  de  Mathematiques,  14,  167  (1849). 
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After  some  preliminary  remarks,  all  the  possible  groups  of  translations 
are  determined.  It  is  found  that  there  are  just  three  such  groups  in  which 
all  the  translations  are  finite  and  six  involve  translations  that  are  indefi- 
nitely small.  There  are  just  eight  groups  that  are  composed  only  of  ro- 
tations ;  these  include  the  groups  of  finite  order  according  to  which  a  reg- 
ular polyedron  is  transformed  into  itself.  The  bulk  of  the  given  memoirs 
is  devoted  to  groups  which  involve  both  translations  and  rotations. 
These  groups  have  recently  been  treated  quite  fully  by  Schon flies  in  his 
well-known  articles  published  in  Mathematische  Annalen^  Vols.  28  and 
29.  Lie  was  the  first  to  determine  all  the  continuous  groups  of  Euclidean 
and  non-Euclidean  movements  in  a  space  of  three  dimensions. 

The  investigations  of  Lie  in  the  line  of  groups  of  an  infinite  order  are  so 
far-reaching  and  so  numerous  as  to  deserve  a  report  by  themselves. 
Happily  the  German  Mathematical  Association  has  arranged  for  a  report 
on  the  works  of  Lie,  which  is  expected  to  be  presented  at  their  meeting 
next  year  (1901).  This  report  is  to  be  prepared  by  Engel,  Scheffers, 
Shur,  and  Kowalewski,  men  who  are  in  the  best  possible  p>osition  to  pre- 
pare an  extensive  and  reliable  report  in  regard  to  the  work  of  this  great 
Norwegian  mathematician.  In  view  of  this  fact  the  present  report  is  de- 
voted exclusively  to  the  works  of  others. 

In  1882  two  remarkable  memoirs,  dealing  with  the  groups  of  an  infinite 
order,  appeared.  One  of  these  was  published  by  Dyck  in  the  Mathemat- 
ische Annalen,  Vol.  20,  and  the  other  by  Poincar^  in  the  Acta  Matemat- 
tea.  Vol.  I.  These  articles  have  been  the  source  of  a  number  of  recent 
works  along  this  line.  Perhaps  the  best  work  on  discontinuous  groups  of 
an  infinite  order  is  .Fricke  and  Klein's  Automorphic  Functions,  i897i 
Vol.  I.  In  this  volume  the  group  theoretic  foundations  are  laid  for  an 
extensive  study  of  these  functions. 
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Miss  Catherine  Wolf  Bruce.    By  Miss  Mary  Proctor,  New  York 
Citv. 


Report  on  the  Work  of  the  Columbia  College  Observatory.    By 
Prof.  J.  K.  Rees,  Columbia  University,  New  York  City.* 


Variations  of  Latitude.     By  Mr.  G.  A.  Hill,  Washington,  D.  C. 


Functions,  Organization,  and  Future  Work  of  the  U.  S.  Coast 
Survey.     By  Henry  S.  Pritchett,  Superintendent. 

One  coming  to  the  administration  of  an  important  service  would  nat- 
urally address  to  himself  the  following  questions  :  "  What  is  the  purpose 
of  this  Service?"  '*  Is  it  properly  organized  to  carry  out  that  purpose.^" 
and,  finally,  "  What  lines  of  work  should  it  follow  to  accomplish  the  pur- 
pose in  view?" 

It  is  the  purpose  of  this  paper  to  give  the  result  of  an  effort  to  examine 
these  three  questions  in  their  relation  to  the  Coast  and  Geodetic  Survey. 
Up>on  their  proper  answer  depends  not  only  the  accuracy  and  correctness 
of  the  work  of  the  service,  but  also  its  efficiency  and  the  definiteness  of 
results  which  it  will  accomplish. 

The  functions  of  the  Coast  Survey  or,  as  it  is  now  known,  the  Coast  and 
Geodetic  Survey,  are  definitely  set  forth  under  the  revised  statutes  and 
in  the  Acts  of  Congress  making  appropriations.  Its  first  and  principal 
work  is  the  hydrographic  survey  of  the  coasts  of  the  United  States  and 
the  is'  ^nds  under  the  jurisdiction  of  the  United  States.  This  includes 
such  i.  irveys  upon  land  as  are  necessary  for  the  making  of  a  complete 
chart,  or  the  production  of  proper  charts  will  always  remain  the  prind- 
1  A^  vronomical  and  Astrophysical  Society  paper. 


PAPERS   READ.  37 

pal  work  of  the  Sur\'ey.  In  addition  to  the  work  of  hydrography  and 
topography  the  law  has  entrusted  to  this  bureau  the  work  of  geodesy  and 
the  magnetic  observations  on  land  and  sea.  The  transcontinental,  trian- 
gulation,  one  of  the  greatest  pieces  of  geodetic  work  ever  undertaken  by 
any  government,  has  just  been  completed. 

The  organization  of  the  Coast  and  Geodetic  Survey  as  originally  fixed 
by  law  contemplated  the  employment  of  officers  of  the  army  in  the  topo- 
graphic work,  of  officers  of  the  navy  in  hydrographic  work,  and  of  civil- 
tans  in  both  branches  of  work  as  necessity  required.  Since  i860  no  army 
officers  have  been  detailed  for  work  in  the  survey  and  since  the  beginning 
of  the  Spanish  war  no  officers  of  the  navy  have  been  so  detailed.  On  July  i 
of  the  present  year  the  sailors  on  Coast  Survey  vessels,  who  have 
hitherto  been  enlisted  men  of  the  navy,  are  transferred  to  the  Coast  Sur- 
vey Service,  so  that  the  Survey  becomes  for  the  first  time  in  its  history  an 
entirely  civilian  bureau  of  the  Treasury  Department. 

This  fact  together  with  the  necessity  for  a  more  effective  organization 
has  brought  aliout  during  the  pa.st  three  years  a  reorganization  of  the  Sur- 
vey, with  the  idea  of  developing  a  clear  line  of  responsibility  from  the 
head  of  the  Service  to  each  employee,  and  with  the  further  purpose  of  di- 
viding the  work  so  as  to  secure  a  more  direct  supervision  of  it. 

As  at  present  organized  the  executive  force  of  the  Survey  is  as  follows  : 
The  superintendent,  assistant  superintendent  (with  an  engineer  assistant), 
the  assistant  in  charge  of  the  office  and  three  chiefs  of  the  field  work 
known  respectively  as  the  inspector  of  hydrography  and  topography,  the 
inspector  of  geodesy  and  the  inspector  of  magnetic  work. 

With  this  organization,  and  having  in  mind  the  purpose  of  the  Service 
as  designated  by  law,  the  work  of  the  Sur\'ey  for  the  next  eight  or  ten 
years  has  been  planned  as  follows  : 

In  hydrography  and  topography  a  part  of  the  energy  of  the  Ser\'ice  will 
go  to  the  resurvey  of  parts  of  the  mainland  of  the  United  States  coasts, 
but  by  far  the  greatest  effort  will  go  to  the  li^-drographic  surveys  of  Porto 
Rico,  Hawaii,  the  Philippine  Islands,  and  Alaska.  This  work  is  of  enor- 
mous  importance  and  the  need  for  charts  is  keenly  felt  both  in  the 
islands  and  in  Alaska. 

In  geodesy,  the  most  interesting  work  of  the  next  eight  years  will  be 
the  completion  of  an  arc  extending  along  the  ninety-eighth  meridian  from 
the  Rio  Grande  to  the  Canadian  border.  By  the  cooperation  of  Mexico 
and  of  Canada,  it  is  expected  that  this  arc  will  ultimately  have  for  its 
southern  limit  a  latitude  of  about  19®  and  for  its  northern  terminus  the 
latitude  of  nearly  70°.  Next  to  importance  in  geodetic  work  to  the  arc  of 
the  meridian  just  mentioned  is  the  completion  of  the  precise  level  net  for 
the  United  States.  Of  great  scientific  interest  also  will  be  the  differential 
gravity  determinations  now  being  carried  out  in  connection  with  similar 
work  by  other  nations. 

The  work  of  the  Division  of  Terrestrial  Magnetism  contemplates  a  gen- 
eral magnetic  survey  of  the  country,  and  of  the  waters  adjacent,  within 
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the  next  ten  years.  The  program  for  this  work  has  been  definiteh-  ar- 
ranged and  entered  up>on  and  with  the  geographical  position  which  the 
United  States  and  its  islands  now  occupy  this  w^ork  will  be  one  of  the  most 
valuable  contributions  which  this  country  can  g^ve  to  the  science  of  our 
times,  and  will,  at  the  same  time,  be  a  work  of  the  highest  utilitarian 
value. 

This  hasty  statement  of  the  purpose,  organization  and  future  work  of 
the  Survey  will  serve  at  least  to  indicate  that  its  work  has  been  planned 
with  reference  to  the  requirements  of  the  law  and  of  Congress  ;  that  its 
organization  has  been  adapted,  as  far  as  may  be,  to  the  requirements  of 
this  work  ;  and  that  finally,  a  definite  program  of  action  looking  eight  or 
ten  years  ahead  has  been  adopted  with  the  purpose  that  the  work  should 
not  only  be  definite  but  that  it  should  lead  some  whither. 


Thk  Precise  Levei,  Net  of  the  United  States  and  a  New  Level- 
ing Instrument.    By  Mr.  John  F.  Hayford,  Inspector  of  Geodetic 
Work,  Washington,  D.  C. 
Statement  of  the  leveling  comprised  in  and  connected  with  the  level 
net,  and  of  the  methods  used  in  the  adjustment  of  the  net  and  in  the  in- 
vestigation of  errors  from  various  sources.     The  general  results  of  the  ad- 
justment.    A  new   form  of  systematic  error  which  was  found  to  affect 
much  of  the  leveling.     The  instruments  and  methods  used  in  the  precise 
leveling  of  the  Coast  and  Geodetic  Survey  in  1899.     The  new  leveling  in- 
strument to  be  used  during  the  coming  season. 


New  Light  on  Ancient  Eclipses.    By  Dr.  J.  N.  Stockwell,  Cleve- 
land, Ohio. 


The  Case  Almucantar.     By  Prof.  Chas.  S.  Howe,  Case  School  of  Ap- 
plied Science,  Cleveland,  Ohio. 

(This  paper  will  be  printed  in  the  Astronomical  Journal.) 


Standards  of  (Faint)  Stellar  Magnitudes.*    By  Prof.  E.  S.  Pick- 
ering. 
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Variations  of  Brightness  of  Stars  in  m^.    By  Prof.  S.  I.  Bailey. 


On  the  Spectroscopic  Determination  of  Motion  in  the  Line  of 
Sight.*    By  Prof.  W.  W.  Campbell. 


The  Velocity  of  Meteors  from  the  New  Haven  Observations.* 
By  Dr.  W.  L.  Elkin. 


Parallax  of  Stars  with  Large  Proper  Motions.*    By  Dp.  F.  L. 
Chase. 


On  the  Prediction  of  Occult ations.*    By  Prof.  G.  W.  Hough. 


The  Comparative  Accuracy  of  the  Transit  Circle  and  the  Ver- 
tical Circle  in  Determining  Fundamental  Declinations. 
By  Mr.  G.  A.  Hill,  Washington,  D.  C. 


The  Propagation  of  the  Tide- Wave.    By  Prof.  T.  J.J.  See,  Wash- 
ington, D.  C. 


The  Dimensions  and  Density  of  Neptune.    By  Prof.  T.  J.  J.  See, 
Washington,  D.  C. 


Photometric  Observations  of  Eros.    By  Mr.  H.  M.  ParkhursT, 
Brooklyn,  N.  Y. 
*  Astronomical  and  Astrophysical  Society  paper. 
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Secular  Variations  of  the  Motions  of  the  Planets.    By  Dr.  J.  N. 

Stockwell,  Cleveland,  Ohio. 
( This  paper  will  be  printed  in  **  Celestial  Mechanics,'*  bv  the  author.) 


A  New  Method  of  Finding  the  La  Place  Coefficients  in  the 
Theory  of  Planetary  Perturbations.  By  Dr.  J.  N.  Stock- 
well,  Cleveland,  Ohio. 


On  a  Method  of  Photographing  the  Entire  Corona,  Employed  at 
Newberry,  S.  C,  for  the  Total  Sol.\r  Eclipse  of  May  28, 
1900.  By  Mr.  Wallace  Goold  LE\asoN,  Brookljm,  N.  Y. 
A  plano-convex  lens,  about  ^;r  inch  thick  in  the  center  and  2}  inches  in 
diameter,  with  sharp  edges,  cut  from  colored  glass,  is  cemented  with  bal- 
sam in  a  corresponding  concave  recess  in  the  center  <^  a  sheet  of  clear 
white  glass.  It  does  not  act  as  a  lens,  but  simply  as  a  circular  color- 
screen,  darker  in  the  center  and  diminishing  in  density  of  color  to  the 
edges.  The  image  of  the  solar  disk  falls  upon  the  photographic  plate 
(against  which  the  screen-plate  is  placed  in  the  plate-holder)  through  the 
color-screen  ;  and  it  is  so  adjusted  in  diameter  that  the  inner  corona  falls 
wholly  or  chiefly  within  the  screen,  while  the  outer  corona  passes  only 
through  the  clear  glass.  The  object  of  this  arrangement  is  to  allow  a 
long  exposure  for  the  faint  outer  corona,  and  restrain  the  action  on  the 
plate  of  the  brighter  inner  corona,     t  Illustrated  with  the  apparatus. ) 


Some  Remarkable  Properties  of  Recurring  Decimals.   By  Prof. 
Edgar  Frisby.  Washington,  D.  C. 


History  of  the  Complex  Number.    By  Prof.  Geo.  T.  Sellew, 
Knox  College.  Galesbur^.  III. 


On  the  Motion  ok  a  Top.  Taking  intv>  Accv^unt  the  Rotation  of 
the  Earth.'     By  I^r,  A.  S.  Chkss^in, 
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Kei,vin's  Treatment  of  Instantaneous  and  Permanent  Sources 
Extended  to  Certain  Cases  in  which  a  Source  is  in  Motion.* 
By  Prof.  James  McMahon. 


Oscillating  Satellites.*    By  Dr.  F.  R.  Moulton. 


On  a  Mechanism  for  Drawing  Trochoidal  and  Allied  Curves.* 
By  Prof.  F.  Morley. 


On  Surfaces  Sibi-reciprocal  under  Those  Contact  Transforma- 
tions which  Transform  Spheres  into  Spheres.*  By  Prof.  P. 
F.  Smith. 


On  Singular  Transformations  in  the  Real  Projective  Group  of 
THE  Plane.*    By  Prof.  H.  B.  Newson. 


Definitions  and  Examples  of  Galois  Fields.    By  Prof.  L.  E.  Dick- 
son, University  of  Chicago. 


Construction  Problems  in  Non-Euclidean  Geometry.    By  Prof. 
George  Bruce  Halsted,  University  of  Texas. 


On  the  Metabelian  Groups  whose  Invariant  Operators  Form  a 
Cyclical  Subgroup.    By  Mr.  W.  B.  Fite,  Ithaca,  N.  Y. 

The  three  following  theorems  are  proved  : 

Theorem  I. — If  the  commutators  of  a  metabelian  group  G  of  order 
p*"^  p  being  a  prime ^  form  a  cylica!  group  of  order  P'^,  then  the  number 

*  American  Mathematical  Society  paper. 
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of  independent  generators  of  any  given  order  oj  the  group  of  cogredient 
isomorphisms  G'  must  be  even. 

Theorem  If. —  There  are  exactly^  -*-  /groups  of  order  p**^  +  2^^,  p  being 
an  odd  prime,  s  being  any  positive  integer,  andp^o-,  such  that  their  in- 
variant operators  form  a  cyclical  group  of  order  p^  and  that  their  groups  of 
cogredient  isomorphisms  are  abelian  of  the  type  (^,  /3,  ^^^  to  2S  terfns). 

Theorem  III. —  The  number  of  metabelian  groups  whose  invariant 
operators  form  a  cyclical  group  of  order  po^  and  whose  groups  of  cogre- 
dient isomorphisms  are  of  the  type  (a,,  a,  ...  to  2S^  terms,  S»  S  •  •  •  lo  2Si 
terms,  .••,«*»,««,  ..•  to  2Sn  terms),  where  s^,  s.2,  '",Sh  are  positive  inte- 
gers anda^  <  a^  <  «»  <  •  •  •  <  *«-/  < ««,  /^  («i  -r  / ) (S  —Qj  -h  / )CS  —  S  -r 
/)   ...  (a„_a,|_/  -f/). 


The  Expression  for  a  Rational  Polynomial  in  a  Series  of  Bes- 

SRL  Functions  of  «th  Order,  as  Required  in  Certain  Cases 

OF  DiRiCHLRT's  PROBLEM.     By  Prof.  James  McMahon,  Cornell 

University,  Ithaca,  N.  Y. 

In  many  cylindrical  boundary  problems  it  is  necessary  to  expand  a 

00 

given  function  F(r,  0)  in  a  Fourier  series  —<A«('')  cos.  n  $;  and  then  to 

«  =  o 

expand  ^n(r)  in  an  ;/th  order  Bessel  series  of  the  form 

<A/i(r)=AJ„(X,r)  -r  AJ„{X.^)-r  AJ„(V)-r  •-., 

in  which  Xi>  X-it  •  •  •  ^^^  known  from  the  roots  of  a  certain  equation  to  be 
satisfied  on  the  boundary  r  =  a;  and  the  coefficients  Aj,  A^,  •  •  •  are  given 
by 

['<l>n{r).r]n(ksr)dr 
Jo 


I 


ryn{\sr)dr 


The  value  of  the  integral  in  the  denominator  is  given  in  the  text-books ; 
but  no  method  for  evaluating  the  integral  in  the  numerator  has  been 
given. 

The  paper  considers  the  most  im|>ortant  case;  namely,  that  in  which 
<t>ft{r)  is  expressible  in  a  power  series  with  integer  exponents  (positive  or 
negative).  It  shows  that  the  integral  in  the  numerator  is  then  reducible 
ultimately  to  an  integral  of  the  form 

\]o{x)dx', 

and  it  accordingly  proposes  to  introduce  and  tabulate  a  new  fundamental 
transcendent  defined  by  the  equation 
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Ho(^)-£ 


]o(^)dx. 


This  function  Ho(^)  can  be  tabulated  by  means  of  the  relation 
Ho(^)  =  2lUx)  +  J,(.r)  -f  Jsl^)  +...]. 


•'  Sundry  Metric  Theorems  Connected  with  a  Speciai.  Curve  of 
Fourth  Class."     By  Mr.  Frank  H.  Loud,  Haverford,  Pa. 

Introduction. — ^The  curve  mentioned  in  the  title,  and  designated  as  4>, 
is  stated  to  be  the  parallel  to  the  hypocycloid  of  class  four,  to  which 
Salmon  refers  in  two  places  (Higher  Plane  Curves,  §  ii8,  Ex.  2and§  119). 
The  writer  expresses  his  obligation  to  Prof.  F.  Morley,  author  of  the  paper 
'•  On  the  Metric  Geometry  of  the  Plane  «-Line,"  Trans.  Ain.  Math. 
Soc,  Vol.  I,  No.  2,  whose  methods  and  results  have  been  fully  employed. 

/.  Circular  Coordinates. — The  elementary  theory  of  the  system  of  co- 
ordinates X  and  J,  when  x^=x-\-  iy  and  y  =  x—iy  (x  and  y  being  the 
Carterion  coordinates)  is  discussed  with  a  view  to  its  employment  in  the 
following  articles. 

2.  The  Curved. — Line  and  p>oint  equations  of  the  curve  are  derived 
from  the  property  mentioned  by  Salmon  (/.  c.)  and  a  convenient  method 
of  constructing  the  curve  by  points  is  there  inferred.  Some  of  the  more 
obvious  properties  of  the  curve,  as  well  as  its  varieties  of  form,  are  deduced. 

J.  A  Set  0/ n-Tangents  to  4>. — The  requirements  that  n  lines  shall  be 
tangent  to  one  curve  ^  imposes  no  restriction  unless  w>5.  If  five  tan- 
gents are  given,  five  inscriptible  quadrangles  are  determined  by  the  con- 
vergence of  equidistant  axes  in  threes,  and  the  circumcircles  meet  in  a 
point  N5.  Given  six  tangents,  the  six  points  N5  lie  on  a  line, — a  conclu- 
sion analogous  to  the  special  case  of  MiquePs  theorem,  when  the  Miquel 
circle  is  replaced  by  a  line.  A  theorem  embracing  an  infinite  series  of 
propositions  is  connected  with  the  circumcircles  which  meet  in  N5,  since, 
their  centers  are  five  points  of  a  circle  C5,  while  for  six  tangents,  the  cen- 
ters of  the  six  circles  C5  lie  on  a  circle  Cg  of  equal  radius,  and  so  on.  A 
theorem  of  Prof.  Morley,  showing  that  six  tangents  determine  ten  points 
on  one  right  line,  is  shown  to  be  capable  of  like  extension  into  a  doubly 
infinite  series  of  propositions. 


The  Directive  Force  of  Philosophy  upon  Mathematics.  By  Miss 
M.  E.  Trueblood,  Boston,  Mass. 

We  may  divide  the  past  into  four  periods  : 

I.  Before  the  founding  of  the  Pythagorean  School.  The  view  of  math- 
ematics was  entirely  utilitarian,  and  the  progress  small. 
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2.  From  the  time  of  Pythagoras  to  the  subjugation  of  Greece  the  view 
was  scientific. 

3.  From  the  supremacy  of  Rome  to  the  Baconian  movement,  the  view 
was  utilitarian  and  there  was  little  progress: 

4.  The  modern  school  unites  science  and  utility. 


Die  Hesse'sche  und  die  Cayley'sche  Curve.^     By  Prof.   Paui. 

GORDAN. 


On  the  Rationai.  Quartic  Curve  in  Space. ^    By  Prof.  F.  Morlky. 


On  a  Speciai.  Form  of  Annular  Surfaces.^    By  Dr.  Virgil  Sn\'der. 


On  Hyper-complex  Number  Systems.*    By  Mr.  H.  E.  Hawkes. 


Application  of  a  Method  of  d'Alembert  to  the  Proof  of  Sturm's 
Theorems  of  Comparison.*    By  Prof.  Maxime  Bocher. 


Theorems  on  Imprimitive  Groups.*     (Preliminary  Communica- 
tion.)    By  Mr.  H.  W.  Kuhn. 


A  Simple  Proof  of  the  Fundamental  Cauchy-Goursat  Theorem.* 
By  Prof.  E.  H.  Moore. 

^  American  Mathematical  Society  paper. 
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On  the  Existence  of  the  Green's  Function  for  Simpi^y  Con- 
nected Pi^NE  Regions  Bounded  by  a  General  Jordon  Curve, 
AND  for  Regions  Having  a  More  General  Boundary  of  Posi- 
tive Content.*    By  Prof.  W.  F.  Osgood. 


Quaternions  and  Spherical  Trigonometry.*  By  Dr.  J.  V.  Collins. 


The  Reduction  of  Binary  Quantics  to  Canonical  Forms  by  Linear 
Transformation.*    By  Miss  B.  E.  Grow. 


Some  Remarks  on  Tetraedral  Geometry.*    By  Dr.  H.  E.  Timer - 

DING. 


There  will  be  an  organized  discussion  of  the  following  question  ; 

What  course  in  mathematics  should  be  offered  to  the  student  who  de- 
sires to  devote  one-half,  one-third,  or  one-fourth  of  his  undergraduate 
time  to  preparation  for  graduate  work  in  mathematics  ?* 

The  discussion  will  be  opened  by  Professors  J.  Harkness,  E.  H. 
Moore,  F.  Morley.  W.  F.  Osgood,  and  J.  W.  A.  Young. 

1  American  Mathematical  Society  paper. 
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Oy  KA  THODE  RA  YS  AND  SOME  RELA  TED 
PHENOMENA. 


Among  the  branches  of  physical  investigation  that  have 
recently  shown  especial  activity,  few  occupy  a  more  prominent 
position  than  those  that  are  related  to  the  electrical  discharge 
in  rarefied  gases.  This  is  true  not  only  because  of  the  rapid 
development  of  the  subject,  but  also  because  of  the  far-reaching 
importance  of  the  results,  and  the  influence  which  they  seem 
destined  to  exert  upon  widely  different  branches  of  physics. 
WTien  I  learned  that  I  was  to  have  the  privilege  of  addressing 
you  to-day,  it  appeared  tome  that  I  could  not  better  utilize  the 
opportunity  than  by  briefly  recalling  the  advances  made  in  this 
subject  during  the  last  few  years,  and  calling  attention  to  some 
of  the  results  that  we  may  reasonably  hope  for  in  the  future. 
The  whole  subject  of  vacuum  tube  discharge  is  of  course  too 
large  to  be  treated  in  the  brief  space  of  an  hour.  I  shall 
therefore  confine  myself  to  one  of  its  more  important  sub- 
divisions, namely,  the  phenomena  and  theor>^  of  the  kathode 
rays. 

Of  the    many   beautiful   and   interesting   phenomena  that 

accompany  the  electrical  discharge  in  rarefied  gases,  certainly 

none  has  attracted  such  widespread  attention  as  the  kathode 

rays.     Since  their  discovery  by  Pliicker,  in  1859,  and  the  first 
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systematic  study  of  their  properties  by  Hittorf  and  Crookes, 
the  importance  of  a  more  complete  understanding  of  their 
nature  has  been  generally  recognized,  and  many  eminent  phys- 
icists have  made  them  the  subject  of  extended  experimental 
investigation.  In  consequence,  our  knowledge  of  the  kathode 
rays  has  progressed  during  the  last  few  years  with  startling 
rapidity.  To  make  clear  how  great  the  progress  has  been,  let 
us  consider  first  the  condition  of  the  subject  in  1890,  at  which 
time  the  theory  of  vacuum  tube  phenomena  was  just  beginning 
to  take  systematic  and  consistent  form. 

Almost  from  the  time  of  the  first  discovery  of  the  kathode 
rays,  widely  different  opinions  had  been  held  regarding  their 
nature.  According  to  one  view  the  kathode  rays  were  to  be 
regarded  as  disturbances  in  the  ether,  propagated  in  a  manner 
somewhat  analogous  to  that  in  which  light  is  transmitted. 
The  rays  were  not  considered  as  essential  to  the  passage  of 
the  current,  but  as  a  secondary  phenomenon  produced  by  the  dis- 
charge :  Hertz,  for  example  suggested  that  the  production  of 
the  kathode  rays  by  the  discharge  in  a  vacuum  tube  is  analo- 
gous to  the  production  of  light  by  the  ordinary  arc  discharge  in 
air.  This  view  furnished  a  ready  explanation  of  most  of  the 
observed  phenomena,  such  for  example  as  the  rectilinear 
propagation  and  diffuse  reflection  of  the  kathode  rays,  and  the 
thermal,  mechanical,  and  luminous  effects  produced  by  them. 
The  explanation  of  the  well-known  deflection  of  the  raj's  in 
passing  through  a  magnetic  field  was,  however,  a  matter  of 
greater  difficulty.  I  am  not  aware  that  a  thoroughly  satis- 
factory explanation  of  this  phenomenon,  based  upon  what  may 
be  called  the  ether  theory  of  the  kathode  rays,  has  ever  been 
proposed. 

The  theory  proposed  by  Crookes  in  1879,  and  which  usually 
bears  his  name,  differed  radically  from  that  just  mentioned. 
By  Crookes  and  his  followers  the  kathode  rays  were  thought 
to  consist  of  a  stream  of  negatively  electrified  particles,  pro- 
jected at  high  velocity  from  the  negative  electrode.  Such 
particles  would  naturally  travel  in  straight  lines  ;  upon  colli- 
ding with  solid  obstacles  their  energy  would  be  transformed  into 
that  of  heat,  light,  or  visible  motion  ;  and  when  moving  across 
the  lines  of  force  of  a  magn<^*^^c  field  they  would  be  deflected 
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from  their  straight  path.  The  theory  of  Crookes  possessed  the 
great  advantage  of  being  concrete  and  definite,  while,  at  the 
time  the  theory  was  first  proposed,  it  was  in  qualitative  agree- 
ment with  practically  all  of  the  observed  phenomena. 

The  work  of  later  experimenters,  however,  had  in  many 
instances  tended  to  discredit  the  theory  of  Crookes.  Thus, 
the  various  mechanical  effects  produced  by  kathode  rays,  such 
as  the  rotation  of  radiometer  wheels  and  the  like,  were  found 
to  be  due  largely,  if  not  wholly,  to  secondary  causes,  such  as 
the  heat  developed  by  the  rays,  and  the  varying  static  charges 
on  the  walls  of  the  tube.  Again,  if  the  rays  consist  of  nega- 
ti'ssely  electrified  particles,  we  should  expect  a  conductor  placed 
in  their  path  to  acquire  a  negative  charge.  Experiments 
made  to  test  this  question  were  contradictory,  but  in  the 
majority  of  cases  it  was  found  that  the  charge  was  positive 
instead  of  negative.*  Electrified  particles  moving  at  right 
angles  to  an  electrostatic  field  should  be  deflected  from  their 
straight  course  ;  but  experiments  made  by  Hertz'^  and  others 
to  detect  such  an  electrostatic  deflection  gave  only  negative 
results.  Since  the  kathode  rays  are  deflected  in  passing 
through  a  magnetic  field,  we  should  expect  these  rays,  if  they 
consist  of  material  particles,  to  react  upon  the  field  and  exert 
a  force  tending  to  move  the  magnet  to  which  the  field  is  due  ; 
no  such  reaction  could  -be  detected.'  Many  other  instances 
might  be  cited  in  which  the  results  of  observations  were 
apparently  in  direct  contradiction  with  the  Crookes  theory. 

Such,  in  brief,  was  the  condition  of  the  subject  at  the  begin- 
ning of  the  present  decade.  Of  the  two  theories  that  had 
been  proposed,  each  possessed  strong  arguments  in  its  favor. 
Neither  was  free  from  serious  objection. 

Previous  to  this  time,  very  little  work  of  a  quantitative 
nature  had  been  done  in  connection  with  the  kathode  rays, 
although  several  estimates  had  been  made  of  their  velocity. 
Thus  according  to  Spottiswood  and  Moulton*  the  velocity  was 
considerably    less    than   that  of    light,  while  Goldstein^  had 

1  Crookes:    Phil.  Traos.,  1879. 

«  Hertz:    Wied.  Ann.,  xg,  p.  782,  1883. 

«  Hertz.  1.  c. 

■•  Phil.  Trans.,   171.  627,  1880. 

*  Goldstein:  Wied.  Ann.,  xa,    loi,  iSSo. 
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reached  the  conclusion  that  the  velocity  was  greater  than  one 
four-hundredth  of  the  velocity  of  light.  In  1894  a  direct 
determination  of  the  velocity  was  made  by  J.  J.  Thomson/  the 
method  being  to  observe  two  fluorescent  spots,  produced  by 
the  kathode  rays  at  different  distances  from  the  kathode,  by 
means  of  a  revolving  mirror.  The  result  obtained  was  2  x  10^ 
cm.  per  second,  or  about  one  thousand  times  less  than  the 
velocity  of  light.  Tnis  velocity  is  practically  the  same  as  that 
which  would  be  acquired  by  a  hydrogen  ion  repelled  from*  the 
kathode.  Thomson's  result,  therefore,  supported  the  view,  pre- 
viously expressed  by  Schuster,  that  the  kathode  rays  were  not 
composed  of  particles  of  metal  torn  loose  from  the  electrode, 
or  of  charged  molecules  of  the  residual  gas,  but  that  they  con- 
sisted of  a  stream  of  ions  such  as  occur  in  ordinary  electrol- 
ysis. 

Recent  determinations  of  the  velocity  of  the  kathode  rays 
have  shown  that  the  value  obtained  by  Thomson  was  too 
small,  so  that  the  conclusions  based  upon  it  were  incorrect. 
Nevertheless,  I  am  inclined  to  think  that  they  served  a  useful 
purpose.  For  by  directing  attention  to  the  discredited  emis- 
sion theory,  and  to  the  probable  electrolytic  nature  of  gaseous 
conduction,  they  stimulated  investigation  and  contributed  to 
the  advancement  of  the  subject. 

The  more  modern  phase  of  our  subject  properly  begins  in 
1892  when  it  was  discovered  by  Hertz*  that  the  kathode  rays 
were  able  to  penetrate  thin  sheets  of  gold  foil,  aluminum,  and 
glass.  Taking  advantage  of  this  discovery,  Lenard  in  1893* 
constructed  a  vacuum  tube  containing  a  small  opening  covered 
with  aluminum  foil,  through  which  the  rays  passed  out  into 
the  open  air,  or  into  a  second  tube.  It  was  thus  possible  to 
study  the  rays  under  conditions  which  could  be  readily  varied, 
while  the  conditions  under  which  the  rays  were  developed 
remained  unaltered.  This  form  of  apparatus  not  only  made 
possible  a  more  systematic  study  of  the  known  properties  of 
the  kathode  rays,  but  also  led  to  the  discovery  of  many  new 
phenomena.  Thus,  in  air  at  ordinary  pressures,  the  rays  were 
found  to  discharge  electrified  bodies,  to  develop  ozone,  and  to 

»  Thomson:  Phil.  Mag.,  38,  358,  1894. 
-  Hertz:  Wied.  Ann..  45,   2S,  1S92. 
3  I^enard:  Wied.  Ann.,   51,  225,  1894. 
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give  an  impression  upon  a  photographic  plate.  The  pho- 
tographs published  by  Lenard,  showing  the  opacity  of  glass 
and  quartz  to  these  rays,  and  the  comparative  transparency  of 
thin  sheets  of  metal,  are  strikingly  similar  to  those  since 
obtained  with  the  X-rays.  In  fact,  it  now  seems  probable  that 
X-rays  were  present  to  some  extent  in  all  of  Lenard' s  experi- 
ments, and  that  the  phenomena  observed  by  him  were  in  part 
caused  by  them. 

One  of  the  first  questions  investigated  by  Lenard  was  the 
influence  of  the  medium  through  which  the  rays  passed  upon 
their  intensity  and  magnetic  deflection.*  In  passing  through 
air  or  other  gases,  the  rays  were  observ^ed  to  suffer  diffusion, 
similar  to  that  experienced  by  light  in  a  turbid  medium.  It 
was  found  that  the  absorption  and  diffusion  of  the  rays  were 
approximately  proportional  to  the  density.  The  magnetic 
deflection,  on  the  other  hand,  was  independent  of  the  medium 
in  which  the  rays  were  obser\'^ed,  and  remained  the  same  even 
after  the  rays  had  passed  through  thin  sheets  of  metal. 

By  changing  the  conditions  under  which  the  rays  were  gen- 
erated, different  kinds  of  kathode  rays  were  obtained,  whose 
penetrating  power  and  .susceptibility  to  the  action  of  a  mag- 
netic field  could  be  varied  through  a  wide  range.  Thus, 
upon  reducing  the  pressure  in  the  tube  where  the  rays  were 
developed,  the  penetrating  power  of  the  rays  was  found  to 
increase,  while  at  the  same  time  the  magnetic  deflection  became 
steadily  less.  In  connection  with  this  work,  Lenard  called 
attention  for  the  first  time  to  the  so-called  *  *  magnetic  spectrum ' ' 
of  the  kathode  rays'*  a  phenomenon  w^hich  was  rediscovered  by 
Birkeland'  in  1896  and  has  since  attracted  considerable  atten- 
tion. It  appears  that  a  beam  of  kathode  rays  is  ordinarily  not 
homogeneous,  but  that  it  consists  of  rays  which  are  magnetic- 
ally deflected  in  different  degrees.  In  consequence,  the  fluo- 
rescent patch  produced  by  such  a  beam,  after  passing  through  a 
magnetic  field,  is  no  longer  sharply  defined.  In  many  cases  it 
is  drawn  out  into  an  interrupted  band,  in  which  regions  of 
bright  fluorescence  alternate  with  regions  of  comparative  dark- 

»  Wied.  Ann.,  5a,  23,  1894 :  56,   255,  1895. 

*  Ibid.,  5a,  32,  1894. 

'  Comptcs  rendus,  za3,  492,  1896. 
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ness.  The  resemblance  to  a  banded  or  bright  line  spectrum  is 
often  quite  striking.  The  phenomenon  is  now  known  to  be 
due  to  the  employment  of  a  fluctuating  or  interrupted  current 
in  developing  the  rays.*  Since  the  character  of  the  kathode 
rays  is  so  largely  dependent  upon  the  conditions  under  which 
they  are  developed,  it  is  natural  to  expect  that  when  these  con- 
ditions are  unsteady  the  rays  obtained  will  be  non-homo- 
geneous. If  the  rays  are  developed  by  a  steady  current,  the 
magnetic  spectrum  is  reduced  to  a  single  bright  line. 

Without  stopping  to  discuss  further  the  interesting  and 
important  phenomena  investigated  by  Lenard,  let  us  consider 
for  a  moment  the  bearing  of  his  work  upon  the  two  opposing 
theories  of  the  kathode  rays.  Upon  the  assumption  that  the 
rays  consisted  of  some  sort  of  wave  motion,  all  of  Lenard *s 
results  were  readily  explained.  That  such  waves  should  pass 
through  air,  and  even  through  thin  layers  of  metal,  was  to  be 
expected  ;  the  same  is  true  with  ordinary  light.  To  explain  the 
diffusion  of  the  rays,  it  was  suflScient  to  assume  that  the  wave 
length  was  small  compared  with  the  dimensions  of  a  molecule. 
The  same  assumption  explained  the  observed  relation  between 
absorption  and  density.  The  diflSculty  in  accounting  for  the 
magnetic  deflection  of  the  rays  still  remained.  But  this 
diflSculty  was  Ho  greater  than  it  had  alwaj's  been,  and  seemed 
by  no  means  insurmountable. 

On  the  other  hand,  to  interpret  Lenard' s  results  in  accord- 
ance with  the  Crookes  theory,  in  the  form  that  it  then  took, 
was  a  matter  of  great  diflSculty .  That  excessively  short  waves 
should  be  able  to  pass  through  metal  is  reasonable  enough  ; 
but  that  atoms  or  molecules  should  be  able  to  pass  is  hard  to 
believe.  Yet,  according  to  Lenard' s  experiments,  not  only 
must  these  atoms  pass  through  a  grounded  sheet  of  aluminum, 
carrying  with  them  their  electric  charge,  but  they  must  emerge 
from  the  other  side  with  their  momentum  sensibly  unaltered. 
The  suggestion  was  indeed  made  by  the  advocates  of  the 
Crookes  theory  that  the  rays  did  not  really  penetrate  Lenard' s 
aluminum  window,  but  that  they  made  of  it  a  secondary 
kathode,  which  sent  out  new  rays  of  its  own  into  the  region 

»  Stnitt:    Phil.  Mag.,  48,  478(1899). 
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beyond.'  But  the  objections  to  this  view  are  numerous.  For 
example,  it  is  remarkable  that  the  secondary  rays  should  be 
exactly  similar  in  their  properties  to  the  rays  which  produced 
them,  regardless  of  whether  the  secondary  kathode  is  thick  or 
thin,  a  conductor  such  as  aluminum,  or  an  insulator  such  as 
glass.  Again,  Lenard  obtained  these  rays  both  in  air  at  ordi- 
nary pressures  and  in  a  vacuum  so  high  that  no  discharge  could 
be  made  to  pass.  In  neither  case  can  kathode  rays  be  pro- 
duced by  any  other  known  method.  Is  it  not  strange  that  a 
secondary  kathode,  forming  part  of  a  grounded  metal 
enclosure,  should  not  only  develop  these  rays  under  conditions 
where  all  other  methods  fail,  but  that  it  should  also  produce 
rays  of  the  same  kind  and  intensity  under  such  widely  differ- 
ent conditions?  These  and  other  objections  make  it  seem 
highly  unlikely  that  the  Lenard  rays  can  be  satisfactorily 
explained  by  treating  the  aluminum  window  as  a  secondary 
kathode.  In  fact,  I  think  that  this  view  has  now  been  very 
generally  abandoned.  But  even  if  it  were  accepted  as  correct, 
the  difficulties  in  the  way  of  the  Crookes  theory  still  remained. 
For  if  the  kathode  rays  consisted  of  charged  atoms,  as  had 
been  indicated  by  the  work  of  Schuster  and  J.  J.  Thomson, 
the  fact  that  they  were  able  to  pass  through  air  is  scarcely 
less  surprising  than  that  they  should  penetrate  their  sheets  of 
metal.* 

Lenard  himself  interpreted  his  results  as  offering  additional 
support  to  the  ether  theory,  and  called  attention  to  the  fact 
that  in  order  to  explain  the  observed  phenomena  the  wave- 
length must  be  small  compared  with  the  dimensions  of  a 
molecule.  At  the  close  of  his  first  article  in  1894  ^^^  says, 
** Judging  by  the  obser\'^ed  behavior  of  the  gases"  {viz., 
diffusion  and  absorption  of  the  rays)  "the  ether  phenomena 
that  constitute  the  kathode  rays  must  be  of  such  extraordinary 
fineness  that  dimensions  as  small  as  those  of  molecules  have  to 
be  taken  into  consideration.  Even  toward  light  of  the  shortest 
known  wave-length,  matter  acts  as  though  it  were  continuous. 
But  toward  kathode  rays,  even  the  elementary  gases  behave 
like  non-homogeneous  media  ;  each  individual  molecule  seems 

'  J.J.Thomson:  "Recent  Researches  in  Electricity  and  Magnetism,"  p.  126; 
"Discharge  of  Electricity  through  Ga.ses,"  p.    190. 

*  8ee  J.  J.  Thomson:    "Discharge  of  Electricity  through  Gases,"  p.  196. 


56  SECTION   B. 

to  form  an  obstacle  to  their  propagation.  Analogous  phe- 
nomena are  observed  when  ordinary  light  passes  through  a 
medium  made  turbid  by  suspended  particles." 

When  we  consider  the  condition  of  the  subject  at  that  time, 
Lenard's  conclusion  that  the  rays  must  consist  of  something 
analogous  to  wave  motion  seems  most  natural.  From  our 
present  standpoint,  how^ever,  it  is  seen  that  his  results  might 
be  equally  w^ell  explained  by  a  modification  of  the  Crookes 
theory.  The  same  difficulties  that  are  surmounted  by  the 
assumption  of  extremely  short  waves  can  also  be  removed  by 
the  assumption  of  extremely  small  particles.  If  the  kathode 
ray  particles  are  only  small  enough,  they  might  pass  for  a  con- 
siderable distance  through  air,  or  even  through  metal  films ; 
upon  colliding  with  the  molecules  of  a  gas  they  would  rebound 
in  all  directions,  and  diffusion  would  result ;  and  both  diffusion 
and  absorption  would  be  roughly  proportional  to  the  density 
of  the  medium.  But  this  requires  that  particles  of  matter 
should  exist  which  are  small  as  compared  with  atoms.  The 
suggestion  is  a  startling  one,  and  so  violently  contradicts  our 
ordinary  views  of  the  constitution  of  matter  that  it  cannot  be 
accepted  without  strong  support.  It  is  not  surprising,  therefore, 
that  several  years  elapsed  after  the  discovery  of  the  Lenard 
rays  before  this  modification  of  the  Crookes  theory  was 
proposed 

In  1895,  about  a  year  after  the  publication  of  Lenard's 
results,  came  the  discovery  of  the  X-rays  by  Roentgen.  The 
wnde-spread  interest  which  this  discovery  aroused  is  fresh  in 
the  minds  of  all  of  us,  and  is  probably  without  a  parallel  in 
the  whole  history  of  physics.  Apart  from  their  importance 
from  a  purely  scientific  standpoint,  and  from  their  sensational 
features,  the  X-rays  occupy  a  unique  position  among  the 
phenomena  connected  wnth  the  electrical  discharge  in  vacuum 
tubes  ;  for  they  afford  fhe  first  instance  in  which  the  scientific 
results  obtained  in  this  branch  of  physics  have  been  made 
directly  useful  in  every-day  life.  Although  it  is  not  the  pur- 
pose of  the  pure  scientist  to  directly  seek  such  applications, 
yet  every  instance  of  this  kind  is  always  a  source  of  grati- 
fication. Each  new  case  serv^es  to  strengthen  that  belief 
which   forms   the   real   basis  of  scientific   investigation  ;    the 
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belief  that  ever>'  advance  in  our  knowledge  of  natural  law,  be 
it  ever  so  small,  or  ever  so  removed  in  appearance  from  the 
affairs  of  every-day  life,  must  ultimately  contribute  to  the 
increase  of  human  happiness  and  the  progress  of  mankind. 

The  discovery  of  the  X-rays  served  to  stimulate  investigation 
along  all  related  lines.  Interest  in  the  phenomena  of  the 
electrical  discharge  through  gases,  and  especially  in  the 
kathode  rays,  became  stronger  than  ever  before,  for  it  was 
natural  to  expect  that  the  puzzling  problem  of  determining  the 
nature  of  the  Roentgen  rays  might  be  simplified  by  a  better 
understanding  of  the  kathode  rays  that  produced  them. 

The  numerous  diflSculties  and  apparent  contradictions  which 
had  stood  in  the  way  of  the  Crookes  theory  have  already  been 
referred  to.  These  may  be  said  to  have  culminated  with  the 
discovery  of  the  Lenard  rays,  and  the  theory  in  its  earlier 
form  was,  of  necessity,  abandoned.  But  since  that  time  the 
diflSculties  have  been  one  by  one  removed.  Thus,  in  1896,  it 
was  shown  by  Perrin*  that  the  kathode  rays  really  do  carry  a 
negative  charge ;  this  conclusion  was  confirmed  by  J.J. 
Thomson*  in  1897.  That  a  negative  charge  is  also  carried  by 
the  Lenard  rays  was  afterwards  shown  by  McClelland,^  Wien,* 
and  Lenard.*  By  passing  the  rays  through  an  aluminum 
window  in  a  completely  closed  metal  box,  Lenard  was  able  to 
g^ve  a  negative  charge  to  an  insulated  conductor  within. 
Certainly  a  more  conclusive  proof  that  the  kathode  rays  are 
electrified  can  hardly  be  demanded. 

The  deflection  of  the  kathode  rays  in  passing  through  an 
electrostatic  field,  which  the  Crookes  theory  required,  and 
which  Hertz  had  looked  for  in  vain,  was  proved  to  exist  by 
Jaumann*  in  1896,  and  much  more  conclusively  by  J.  J. 
Thomson'  in  1897.  A  year  later  it  was  shown  by  Wien**  and 
Lenard*  that  a  similar  electrostatic  deflection  occurred  in  the 
case  of  the  Lenard  rays. 

*  Perrin:  Nature,  53,  298,  1896. 

*  Thomsoji:    Phil.  Mag.,  44,   293,  1897. 

'  McClellaod:    I^ond.  Elect..  39,  74.  1897. 

*  Wien:  Wied.  Ann..  65,  440,  1898. 

*  I<enard:  Wied.  Ann.,  64,  279,  1898. 

«  Jaumauu:  Wiener  Berichte,  105,  2a,   291,  1896. 

'  Thomson:  Phil.  Mag.,  44,  293,  1897. 

8  Wien:  Wied.  Ann.,  65*  440,  1898. 

»  I^aard:  Wied.  Ann.,  64.  p.  279.  1898. 
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Not  only  were  the  earlier  experiments  shown  to  be  in  error 
in  both  these  cases,  but  the  reasons  for  their  failure  are  now 
pretty  well  understood.  Probably  the  most  important  sources 
of  error  were  due  to  the  fact  that  the  residual  gas  in  a  vacuum 
tube  is  rendered  conducting  by  the  discharge.  The  kathode 
rays  also  exert  a  special  ionizing  influence  of  their  own,  so 
that  in  those  parts  of  the  tube  which  are  traversed  by  these 
rays,  the  gas  becomes  temporarily  a  good  conductor.  In  con- 
sequence, it  acts  as  a  conducting  screen,  which  protects  the 
rays  from  electrostatic  influences.  This  explanation  of  the 
failure  to  obtain  electrostatic  deflection  was  suggested  by 
Schuster^  as  early  as  1890  ;  but  the  importance  of  this  source 
of  error  was  not  generally  appreciated  until  much  later.  The 
fact  that  a  conductor  placed  in  the  path  of  the  kathode  rays 
usually  takes  a  positive  charge  instead  of  a  negative  one,  is 
doubtless  due  to  the  same  cause.  Being  surrounded  by  a  con- 
ducting medium,  the  conductor  will  receive  its  charge  partly 
from  the  kathode  rays  and  partly  by  induction.  The  inductive 
charge  will  usually  be  positive,  and  may  be  suflSciently  strong 
to  determine  the  sign  of  the  resultant.  Doubtless  the  almost 
universal  employment  of  the  induction  coil  by  the  earlier 
observ^ers  was  also  in  part  to  blame  for  the  contradictory 
results.  The  use  of  a  fluctuating  current  is  now  seen  to  intro- 
duce many  annoying  complications.  In  quantitative  work 
especially,  some  source  of  steady  current,  such  as  a  large 
Holtz  machine  or  a  storage  battery,  is  much  to  be  preferred. 

The  discovery  that  the  kathode  rays  carry  a  negative  charge 
and  are  subject  to  electrostatic  deflection  afforded  so  strong  an 
argument  in  favor  of  the  Crookes  theory,  that  attempts  were 
at  once  made  to  subject  the  theory  to  quantitative  tests.  The 
question  of  the  size  of  the  kathode  ray  particles  and  the 
charge  carried  by  them  was  attacked  independently  and  almost 
simultaneously  by  Wiechert'^  and  J.  J.  Thomson.'  It  is  inter- 
esting to  observe  that  although  the  conclusions  reached  were 
practically  the  same,  the  methods  employed  were  radically 
different.     Wiechert's  first  determinations   were  based  upon 

1  Proc.  Roy.  Soc.,  47,  p.  526;  1890. 

2  Physikal,-6kononi.  Gesellschaft  in  Konigsberg,  Jan.  7,  1S97.  Wiedemann's 
Beiblatter,  ji,  p.  443. 

»  Royal  Institution  lecture.,  April  30,  1897.     I^ond.  Elect.,  39,  p.  104,  1897. 
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the  consideration  that  since  the  motion  of  the  kathode  ray 
particle  is  due  to  the  electrical  forces,  the  kinetic  energy 
acquired  by  each  particle  must  be  equal  to  the  potential  energy 
which  it  possessed  at  the  surface  of  the  kathode.  A  relation 
is  thus  obtained  connecting  the  charge,  mass,  and  velocity  of 
the  particle  with  the  potential  of  the  kathode.  A  second 
relation  between  these  same  quantities  is  obtained  by  measur- 
ing the  deflection  of  the  rays  in  a  magnetic  field  of  known 
strength.  By  elimination  it  is  then  possible  to  determine  both 
the  velocity  of  the  rays  and  the  ratio  of  the  charge  carried  by 
each  particle  to  its  mass.  The  results  indicated  a  velocity  not 
far  from  10*®  cm.  per  second,  or  nearly  one-third  that  of  light. 
That  a  material  particle  should  move  at  such  an  enormous 
velocity  seems  almost  incredible.  It  is  not  surprising  that 
Wiechert  felt  the  need  of  checking  this  result  by  some  inde- 
pendent method.  He  did  so  by  employing  a  method  that  had 
been  suggested  by  Des  Coudres  in  1895,  ^^^  which  is  inde- 
pendent of  any  assumption  regarding  the  nature  of  the 
kathode  rays  ;  the  results  obtained  w^ere  of  the  same  order  of 
magnitude  as  before.  That  the  kathode  rays  often  have  a 
velocity  closely  approaching  that  of  light  has  since  been 
abundantly  confirmed. 

Wiechert 's  values  for  the  ratio  e/m — i.e.,  the  ratio  of  the 
charge  carried  by  a  kathode  ray  particle  to  the  mass  lay 
between  20  X  10^  and  40  X  10^  This  is  about  three  thousand 
times  greater  than  the  corresponding  ratio  for  the  hydrogen 
ion  in  ordinary  electrolysis.  We  must  therefore  conclude 
either  that  the  particles  carr>'  a  much  larger  charge  than  is 
carried  by  an  ion  in  electrolysis,  or  else  that  they  are  smaller 
than  the  hydrogen  atom.  The  latter  alternative,  w^hich  har- 
monizes so  well  with  the  phenomena  of  the  Lenard  rays,  is 
the  one  usually  accepted. 

The  value  of  e/m  was  determined  by  two  entirely  different 
methods  by  J.  J.  Thomson,  the  results  being  published  at 
practically  the  same  time  as  those  of  Wiechert.  In  the  first 
method  used  by  Thomson,  the  kinetic  energy  of  the  particles 
was  determined  by  measuring  the  heat  developed  when  the 
rays  fell  upon  the  face  of  a  thermopile,  and  the  charge  carried 
by  them  was  measured  by  an  electrometer.     These  two  meas- 
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urements,  together  with  the  magnetic  deflection  in  a  known 
field,  make  possible  the  computation  of  both  e/m  and  v.  The 
values  of  e/m  obtained  in  the  most  reliable  experiments  by  this 
method  ranged  from  14  X  10^  to  10  X  10^  The  corresponding 
values  of  the  velocity  were  about  one- tenth  the  velocity  of 
light.  The  second  method,  which  is  regarded  by  Thomson  as 
more  reliable,  involved  the  determination  of  the  electrostatic 
deflection  in  a  known  electric  field,  and  the  magnetic  deflection 
of  the  same  rays  in  a  known  magnetic  field.  This  method  gave 
values  of  em  ranging  from  9  X  10^  to  6.7  X  10^'  the  velocity 
being  about  one-tenth  that  of  light,  as  before.  Thomson 
found  that  the  ratio  e/m  was  independent  of  the  nature  of  the 
gas  in  the  tube.  This  result  has  been  confirmed  by  Kaufmann,* 
who  found  that  the  ratio  was  also  independent  of  the  material 
of  the  kathode. 

The  conclusions  naturally  drawn  from  these  results  may  be 
put  into  the  following  crude  and  provisional  form  :  The 
kathode  rays  consist  of  negatively  charged  particles  or  cor- 
puscles which  are  much  smaller  than  the  atom  of  hydrogen. 
These  corpuscles  are  present  as  a  constituent  part  of  the 
molecule  in  all  substances.  Whether  only  one  such  corpuscle 
is  present  for  each  molecule,  possibly  revolving  about  it  like 
a  sateUite,  or  whether  each  molecule  consists  of  an  aggregation 
of  corpuscles,  it  is  not  yet  possible  to  say.  Under  the  influ- 
ence of  the  intense  electric  field  at  the  negative  terminal  of  a 
vacuum  tube,  the  corpuscles  are  in  some  cases  freed  from  the 
forces  that  hold  them  to  the  remainder  of  the  molecule,  and 
shoot  off  at  enormous  speed  to  form  the  kathode  rays. 

The  view  here  briefly  formulated,  while  first  suggested  by 
Wiechert,  owes  its  development  chiefly  to  J.  J.  Thomson. 
The  number  of  instances  in  which  its  consequences  are  at  least 
qualitatively  confirmed  is  already  surprisingly  large.  Thus  it 
has  been  known  for  some  time  that  a  wire  or  carbon  filament, 
when  heated  to  incandescence  in  vacuo,  sends  off  negatively 
charged  particles.  In  incandescent  lamps  these  give  rise  to 
the  Edison  effect.^  Thomson  has  recently  shown  that  the  ratio 
e/m  for  such  particles  is  the  same  as  for  the  kathode  rays. 

»  Wied.  Ann.  6i.  p.  545.  1897. 
«  Phil.  Mag..  48.  p.  547,  1899. 
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Many  metals  also  are  capable  of  giving  off  negatively  charged 
particles  when  illuminated  by  ultraviolet  light ;  at  sufficiently 
high  vacua,  rays  may  be  produced  in  this  way  which  possess 
all  the  essential  properties  of  the  ordinary  kathode  rays.*  In 
this  case  also,  the  ratio  e/m  is  found  to  be  the  same.^  In 
these  cases  we  have  an  indication  that  the  corpuscles  may  be 
separated  from  the  molecules  of  a  substance  by  processes 
different  from  those  which  occur  at  the  kathode.  That  intense 
heat,  on  account  of  the  violent  collisions  between  molecules, 
should  make  it  easier  for  the  corpuscles  to  escape,  is  quite 
natural.  And  that  the  rapid  electrical  vibrations  set  up  by 
light,  especially  by  that  of  short-wave  lengths,  should  produce 
a  similar  effect,  agrees  equally  well  with  the  corpuscular 
hypothesis. 

If  the  light  radiated  by  a  molecule  of  gas  is  due  to  the  vibra 
tion  or  orbital  motion  of  these  charged  corpuscles,  a  highly 
concrete  and  satisfactory  explanation  is  at  once  obtained  of 
the  Zeeman  effect.  The  theory  has  shown  itself  capable  of 
accounting  not  only  for  the  comparatively  simple  phenomena 
first  observed,  but  also  for  the  more  complicated  modifications 
of  the  spectral  lines  detected  later.  The  ratio  e/m  as  deter- 
mined from  the  Zeeman  effect  is  of  the  same  order  of  magni- 
tude as  that  determined  from  observations  on  the  kathode  rays. 

Perhaps  the  strongest  confirmation  of  Thomson's  corpuscular 
hypothesis  is  that  afforded  by  the  recent  investigations  of  the 
Becquerel  rays.  In  1899  it  was  found  that  some  of  these  rays, 
notably  those  produced  by  certain  preparations  of  radium, 
were  deflected  in  passing  through  a  magnetic  field. ^  More 
recently,  it  has  been  found  that  the  rays  are  electrostatically 
deflected*  and  that  they  carry  a  negative  charge.  In  fact, 
they  behave  in  all  respects  like  kathode  rays.  Within  the  last 
few  months,  the  ratio  e/m  has  been  determined  by  Becquerel^ 
and  found  to  have  approximated  the  same  value  as  in  the  case 
of  the  Zeeman  effect  and  the  kathode  rays. 

1  Mcrritt  and  Stewart.    Physikalische  Zeit.,  1,  33S  (1900). 
«  Thomson.    Phil.  Mag.,  48,  547  (1899). 

*  Meyer  and  v.  Schweidler:  Phys.  2^it.,  Nov.  25,  and  Dec.  2,  1899.  Gicsel:  Wied.  Ann., 
^t  ^34   (»899).    Becquerel  :  Corapte.s  rendus,  139,  996,  1899. 

*  Dorn:  Abhandlungen  d.  Naturforsch.  Gesell.,  Hall,  March  11,  1900. 

*  Comptes  rendus,  130,  809,  March  26,  1900. 
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It  appears,  therefore,  that  the  same  rapidly  moving  cor- 
puscles which  form  the  kathode  rays,  and  which  give  prac- 
tically the  only  concrete  explanation  of  the  Zeeman  effect,  also 
form  one  constituent  at  least  of  the  Becquerel  rays.  In  the 
latter  case,  it  would  appear  that  the  escape  of  the  corpuscles 
is  a  result  of  violent  internal  disturbances  among  the  molecules 
of  the  active  substance.  Such  disturbances  may  accompany 
a  gradual  change  from  an  unstable  molecular  grouping  to  one 
that  is  more  permanent.  This  view  removes  all  difficult}'  con- 
cerning the  source  of  energy  of  these  rays,  a  question  which 
a  few  years  since  caused  a  great  deal  of  needless  annoyance. 

The  Becquerel  rays  developed  by  a  given  active  substance 
usually  consist  of  a  mixture  of  rays,  differing  widely  in  their 
various  properties.  Not  all  of  these  rays  are  deflected  by  a 
magnet.  In  some  instances  the  rays  are  more  similar  to  the 
X-rays  than  to  kathode  rays,  both  as  regards  their  behavior 
in  a  magnetic  field  and  their  other  properties.  In  such  cases 
it  seems  to  me  probable  that  X-rays  are  in  reality  present. 
Some  of  the  magnetically  deflectable  rays,  which  are  in  fact 
nothing  more  than  kathode  rays,  naturally  fall  upon  the  active 
substance  itself.  There  is  no  reason  why  this  bombardment 
should  not  result  in  the  development  of  X-rays,  just  as  it 
would  in  the  interior  of  a  vacuum  tube.  That  Lenard's 
kathode  rays  are  able  to  produce  X-rays  even  in  the  open  air 
has  already  been  shown  by  Des  Coudres.* 

The  hypothesis  of  electrified  corpuscles  has  been  employed, 
in  a  form  which  does  not  necessarily  imply  the  extreme  small- 
ness  of  the  particles  considered,  by  numerous  physicists.  For 
example,  Lorentz^  found  it  useful  in  discussing  electrical  and 
optical  phenomena  in  moving  bodies,  while  Helmholtz''  has 
used  it  in  his  electromagnetic  theory  of  dispersion.  An  expla- 
nation of  metallic  conduction,  analogous  to  that  of  electrolytic 
conduction,  has  often  been  sought.  Recently  this  subject  has 
been  developed  quite  extensively  by  Riecke*  whose  results 
appear  extremely  promising.     The  assumption  of  positive  and 

^  Wied.  Ann.,  6a,  134  (1897). 

2  Versuch  einer  Theorie  der  Elektrischen  und  optischen  Erscheinengen  in  beweg- 
ten  Korpern,  I,eiden,  1895. 

8  Wied.  Ann.,  48,  389  (1893). 
*  Ibid.,  66,  353  and  5^5  (189S). 
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negative  ions,  different  perhaps  from  those  of  ordinary  electrol- 
ysis, permits  a  very  concrete  qualitative  explanation  of  a  great 
number  of  well-known  phenomena.  Among  these  may  be 
mentioned  the  various  thermoelectric  phenomena,  the  Hall 
effect,  together  with  its  thermal  analogue,  and  the  Thomson 
effect.  Views  similar  to  those  developed  by  Riecke  have 
^recently  been  supported  by  J.  J.  Thomson.^ 

Enough  has  been  said  to  show  that  the  hypothesis  of  elec- 
"trified  corpuscles  has  inuch  in  its  favor.  That  the  present 
form  of  the  hypothesis  is  very  incomplete  and  leaves  much  to 
l)e  explained,  no  one  would  attempt  to  deny.  But  by  means 
of  it  we  have  obtained  provisional  explanations,  at  least,  of 
many  complex  phenomena,  while  the  usefulness  of  the  hypoth- 
esis as  an  aid  to  further  investigation  has  already  been  amply 
demonstrated.  Now  that  we  recognize  the  futility  of  attempt- 
ing an  ultimate  explanation  of  natural  phenomena,  can  we 
demand  more  than  this  of  any  theory  or  hypothesis  ?  Let  us 
therefore  adopt  the  new  theory  in  those  cases  where  its  adop- 
tion leads  to  clearness  and  concreteness,  and  make  use  of  it  as 
long  as  it  aids  in  the  advancement  of  science.  As  our  knowl- 
edge increases,  the  theory  will  be  continually  modified  and 
improved.  Sooner  or  later  it  will  doubtless  be  found  insuffi- 
cient, and  will  be  abandoned  ;  and  something  better  will  take 
its  place.  Such  is,  and  such  ought  to  be,  the  life  history  of  all 
scientific  theory. 

The  more  promising  a  new  theory  appears,  the  more  is  it 
deserving  of  a  careful  and  critical  scrutiny,  both  from  its 
adherents  and  from  its  opponents.  The  hypothesis  of  electri- 
fied corpuscles  which  is  involved  in  the  modified  Crookes 
theory,  has  proved  its  right  to  a  hearing.  It  now  has  a  right 
to  demand  the  severest  of  friendly  criticism.  An  elaborate 
critical  discussion  of  the  theory  would  be  out  of  place  in  an 
address  of  this  kind,  even  if  sufficient  time  for  the  purpose 
were  available.  I  wish,  however,  to  call  attention  briefly  to 
some  points  in  connection  with  the  subject  which  I  think  have 
not  previously  received  the  attention  that  they  deserve. 

Let  us  compare,  for  example,  the  values  of  the  ratio  e/m 
determined  by  different  observers.    The  discrepancies  between 

1  Nature,  May  10,  1900. 


64  SECTION    B. 

the  values  obtained  by  Wiechert  and  by  J.  J.  Thomson  are  not 
surprising,  since  they  were  the  first  determinations  of  this 
kind  that  had  been  made.  As  a  preliminary  test  of  the  theory, 
the  fact  that  the  results  obtained  by  such  widely  different 
methods  were  of  the  same  order  of  magnitude  is  eminently 
satisfactory.  A  number  of  new  determinations  have  been 
made,  however,  during  the  past  two  years.  Since  the  more 
recent  determinations  were  undertaken  with  a  full  under- 
standing of  the  necessary  experimental  precautions,  we  should 
expect  a  close  agreement  among  their  results.  But  discrepan- 
cies of  considerable  magnitude  still  remain.  It  appears  to  me 
that  the  variation  in  the  values  of  e/m  obtained  by  different 
observers  is  greater  than  can  be  accounted  for  by  experimental 
errors.  To  bring  out  this  point,  and  in  the  hope  of  getting 
some  idea  of  where  the  cause  of  the  discrepancy  is  to  be 
sought,  I  have  prepared  the  following  table,  which  contains 
practically  all  the  values  of  e/m  that  have  been  obtained  by 
experiments  upon  the  kathode  rays.  Some  of  the  values 
obtained  by  other  methods  have  also  been  added  for  comparison. 
The  values  of  e/m  are  arranged  in  groups  according  to  the 
method  by  which  they  were  determined.  The  results  of  the 
most  recent  exjieriments,  and  presumably,  therefore,  the  most 
accurate  ones,  are  in  each  case  placed  last. 

Leaving  aside  the  results  of  Schuster  and  Wien  and  the  first 
results  of  Wiechert,  all  of  which  were  obtained  by  experiments 
of  a  purely  preliminary^  character,  we  see  that  the  results 
obtained  by  different  observers  show^  a  satisfactory  agreement, 
provided  that  the  same  method  teas  used.  Compare,  for  ex- 
ample, the  two  results  of  Kaufmann,  obtained  by  different 
modifications  of  the  same  method,  with  that  obtained  by  Simon. 
A  more  satisfactory  agreement  could  scarcely  be  desired! 
Similarly,  the  values  obtained  by  Lenard  agree  quite  well  with 
those  that  were  obtained  by  J.  J.  Thomson  when  using  the 
same  method.  But  the  vSmallest  value  obtained  b^-  the  first 
method  is  twice  as  great  as  the  largest  value  obtained  by  the 
last  method.  Tlie  results  obtained  by  the  second  and  third 
methods  agree  fairly  well  with  each  other,  and  are  intermediate 
l)etween  the  two  extremes  just  mentioned.  Wiechert's  later 
determinations,    however    (Method    III),   are   subject    to    a 
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possible  constant  error,  so  that  these  results  must  be  regarded 
as  uncertain.  The  third  method  is  liable  to  experimental  error 
for  several  reasons,  notably  because  its  results  are  especially 
likely  to  be  influenced  by  the  conductivity  of  the  residual  gas. 
The  effect  of  this  source  of  error,  as  pointed  out  by  Thomson, 
would  be  to  make  the  results  larger  than  they  should  be. 
Objections  might  also  be  raised  to  the  assumptions  on  which 
the  method  is  based.  On  the  whole,  it  appears  to  me  that  the 
results  of  the  first  and  fourth  methods  are  to  be  regarded  as 
the  most  reliable.  And  yet  these  are  the  methods  whose 
results  differ  most  widely. 

As  the  difference  appears  too  great  to  be  explained  by  the 
accidental  errors  of  observation,  it  is  natural  to  seek  its  expla- 
nation in  the  assumptions  upon  which  the  two  methods  are 
based.  Both  methods  employ  the  magnetic  deflection  of  the 
rays  and  assume  the  same  relation  between  deflection  and 
velocity.  But  in  the  method  of  Kaufman n  and  Simon  it  is 
assumed  that  the  whole  potential  energy  of  the  corpuscle  when 
at  the  surface  of  the  kathode  is  transformed  into  kinetic  energy 
of  translation  ;  / .  e. ,  retarding  forces  due  to  friction  or  other 
causes  and  assumed  to  be  entirely  absent.  The  method  has 
been  criticized  on  that  account  by  Schuster.*  The  effect  of 
neglecting  the  influence  of  retarding  forces  when  such  are 
really  present  would  be  to  give  values  of  e/m  that  are  larger 
than  the  true  value.  For  this  reason,  Schuster  looked  upon 
the  method  as  giving  merely  a  superior  limit  for  the  ratio. 
The  experiments  of  Lenard  make  it  unlikely  that  retarding 
forces  can  be  present  after  the  rays  have  emerged  from  the 
dark  space.  But  it  appears  to  me  that  in  the  immediate 
neighborhood  of  the  kathode  their  equivalent  might  well  be 
present.  Before  the  electrified  corpuscles  can  yield  to  the 
repulsion  of  the  kathode  and  fly  off  to  form  the  kathode  rays, 
they  must  be  torn  loose  from  the  molecules  of  which  they  form 
a  part.  Is  it  not  possible  that  an  appreciable  fraction  of  the 
whole  potential  energy  is  expended  in  effecting  this  separation  ? 
Again,  although  it  is  certain  that  the  kathode  rays  start  from 
points  very  close  to  the  kathode,  have  we  any  reason  to  sup- 
pose that  they  originate  exactly  at  the  surface  ?    If  the  rays 

1  Wied.  Ann.,  65,877,  (1S98). 
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Start  a  little  in  front  of  the  kathode,  the  effect  is  the  same,  so 
far  as  the  results  obtained  by  Schuster's  method  are  concerned, 
as  if  they  were  subjected  to  retarding  forces. 

The  most  serious  reason,  however,  for  doubting  the  correct- 
ness of  the  values  obtained  for  e/m  arises  from  the  almost 
incredible  velocity  of  the  kathode  rays.  What  right  have  we 
to  suppose  that  ordinary  electrical  and  mechanical  laws  are 
applicable  to  a  particle  moving  at  one-half  the  velocity  of 
light  ?  It  appears  to  me  that  we  have  before  us  the  most  stu- 
pendous piece  of  extrapolation  in  the  whole  history  of  physics. 
Let  us  consider  briefly  the  assumptions  that  are  made  and  their 
experimental  basis.     The  chief  assumptions  are  as  follows  : 

1 .  The  force  exerted  upon  a  corpuscle  when  passing  through 
a  magnetic  field  is  proportional  to  the  speed,  being  equal  to 
Kev,  where  H  is  the  field  strength,  e  the  charge,  and  v  the 
speed. 

2.  The  force  exerted  upon  a  corpuscle  when  passing  through 
an  electric  field  is  the  same  as  though  the  corpuscle  were  at 
rest. 

The  experiments  of  Rowland  and  Himstedt  afford  indirect 
experimental  evidence  that  the  law  stated  in  ( i )  is  true  for  ve- 
locities up  to  about  10,000  em.  per  second.  In  computing 
e/m.  the  assumption  is  made  that  the  same  law  holds  for  ve- 
locities a  million  times  greater  ! 

So  far  as  I  am  aware  the  question  of  the  force  exerted  upon 
a  moving  charge  by  a  stationary  electrostatic  field  has  never 
been  made  the  subject  of  direct  experimental  inquiry. 
Lenard,*  however,  has  made  some  experiments  upon  the 
kathode  rays  themselves  which  are  of  the  greatest  importance 
in  connection  with  this  question.  Upon  passing  the  rays 
through  an  inten.se  electrostatic  field  in  a  direction  parallel  to 
the  lines  of  force,  he  found  that  the  rays  were  either  accele- 
rated or  retarded  according  to  the  direction  of  the  field.  The 
change  in  velocity  was  determined  by  measurements  of  the 
magnetic  deflection,  and  was  in  some  cases  as  great  as  50  per 
cent.  The  observed  change  was  the  same  in  amount  as  would 
be  expected  if  the  force  upon  the  charged  corpuscles  was  the 
same  as  though  they  were  at  rest. 

*  "  Recent  Reaearches  in  Electricity  and  Magnetism." 
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The  dynamics  and  electrodynamics  of  a  charged  body  in 
rapid  motion  have  been  attacked  from  the  theoretical  standpoint 
by  J-  J-  Thomson,'  Heaviside,''  and  Schuster.'  Rowland^  has 
recently  called  attention  to  the  fact  that  this  is  a  case  for  the 
application  of  an  extremely  fundamental scientificlaw,  namely, 
that  of  the  *  *  conservation  of  knowledge. ' '  Our  real  knowl- 
edge of  the  subject,  based  upon  experiment,  is  practically  nil ; 
no  amount  of  analytical  manipulation,  how^ever  complicated, 
will  add  to  it  one  iota. 

In  the  present  condition  of  our  experimental  knowledge, 
theoretical  discussions  of  this  nature  are  indeed  pure  specula- 
tion. But  w^e  must  remember  also  that  scientific  speculation 
has  always  been  one  of  the  most  important  aids  in  the  advance- 
ment of  science.  For  a  visionary  enthusiast,  speculation  is  a 
plaything,  dangerous  to  himself  and  annoying  to  others.  But 
in  the  hands  of  the  trained  and  conservative  scientist,  it  is  a 
valuable  tool,  without  whose  aid  the  progress  of  knowledge 
would  be  slow  indeed.  The  present  case  is  one  to  whose 
study  scientific  speculation  is  particularly  applicable.  The 
motion  of  charged  bodies  at  a  speed  nearly  equal  to  that  of 
light  is  a  subject  that  w^e  cannot  hope  to  study  by  direct  experi- 
ment. If  we  ever  get  a  knowledge  of  the  laws  that  apply  in 
such  cases,  it  must  be  by  indirect  methods.  It  is  therefore 
simply  a  question  of  trying  one  hypothesis  after  another, 
deriving  the  consequences  of  each,  and  testing  the  conclusions 
by  experiment.  The  kathode  rays  and  the  Becquerel  rays 
offer  the  means  by  which  such  tests  may  be  applied. 

Although  the  theoretical  results  of  Thomson  and  Heaviside 
are  not  in  complete  agreement  they  both  indicate  considerable 
deviation  from  the  simple  laws  w^hen  the  speed  approaches  that 
of  light.  Thomson  states  his  results  in  convenient  form  by 
saying  that  the  effect  of  a  charge  is  to  increase  the  apparent 
mass  of  the  moving  body.  So  long  as  the  speed  is  small,  the 
increase  is  inappreciable.  But  at  high  speeds  it  becomes  impor- 
tant, and  at  the  velocity  of  light  the  apparent  mass  becomes 
infinite.     Since  the  effective  mass  is  a  function  of  the  speed, 

1  .•  Recent  Researches  in  Electricity  and  Magnetism." 

2  Electrical  Papers,  Vol.  2. 
8  Phil.  Mag  ,  43,  i,  1897. 

*  Presidential  address  before  the  American  Physical  Society,  Bulletin  of  the 
American  Physical  Society,  Vol.  I,  No.  i. 
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we  might  therefore  expect  the  ratio  e/m  to  vary  with  the 
velocity  of  the  kathode  rays.  But  the  hope  of  explaining 
the  observed  discrepancies  in  this  way  is  illusory,  for  the 
apparent  mass  remains  practically  constant  until  the  speed  is 
nearly  equal  to  that  of  light.  The  manner  in  which  the 
apparent  mass  v^aries  with  the  speed,  as  computed  according  to 
Thomson's  theory,  is  shown  in  the  accompanying  curve. 
Ordinates  represent  the  apparent  increase  in  mass,  while 
abscissae  give  the  corresponding  speeds.     The  speed  of  light  is 


put  equal  to  unity.  It  will  be  noticed  that  the  ordinates 
remain  nearly  constant  up  to  speed  of  about  eight-tenths  that 
of  light,  after  which  the  variation  is  rapid.  In  quantitative 
experiments  on  the  kathode  rays,  the  speed  has  never  exceeded 
one-half  that  of  light.  Previous  experiments  therefore  afford 
no  opportunity  of  testing  the  theory.  The  problem  of  increas- 
ing the  speed  still  further  is  certainly  a  most  promising  sub- 
ject of  experimental  inquiry. 

Since  the  apparent  increase  in  mass  is  due  to  the  energy  of 
the  field  moving  with  the  charge,   it  would  appear  that  the 
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amount  of  the  increase  must  depend  upon  the  form  of  the  tube 
through  which  the  rays  pass.  So  far  as  I  am  aware,  no  experi- 
ments have  heretofore  been  made  to  test  this  point.  It  may  be 
that  the  variation,  if  it  exists,  is  too  small  to  be  detected. 

The  suggestion  has  recently  been  made  that  perhaps  the 
whole  mass  of  the  corpuscle  is  fictitious  ;  that  we  really  have 
to  do  with  free  electric  charges,  or  electrons,  existing  apart 
from  matter.  This  view  is  even  more  startling  than  that 
which  makes  the  corpuscles  smaller  than  atoms.  The  novelty 
of  the  suggestion  is  certainly  not  to  be  regarded  as  a  serious 
objection.  But  direct  experimental  evidence  in  its  favor  is  as 
yet  lacking.  Here,  too,  it  appears  to  me  that  a  quantitative 
study  of  the  kathode  rays  at  the  greatest  attainable  velocities 
offers  the  most  promising  means  of  testing  the  theory. 

We  see  that  in  this  subject,  as  in  every  branch  of  natural 
science,  each  step  in  advance  suggests  still  more  important 
problems  for  further  study,  and  aids  in  their  solution.  In  the 
kathode  rays  we  have  gained  a  new  weapon  with  which  to 
attack  the  great  problems  of  ether  and  matter.  What  results 
will  be  achieved  no  one  can  predict.  But  great  as  have  been 
the  advances  during  the  past  decade,  w^ecan  scarcely  doubt  that 
the  progress  during  the  decade  that  is  just  beginning  will  be 
even  greater. 
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Heport  of  the  Committee  on  Standards  of  Measurement. 

The  Committee  has  to  report  further  progress  relative  to  the  electro- 
chemical equivalent  of  silver  and  the  electromotive  force  of  the  Clark 
c:ell. 

Since  the  report  of  1899,  the  two  Clark  cells,  whose  electromotive  force 
liad  been  measured  by  means  of  the  electrodynamometer  described  by 
Patterson  and  Guthe  (Proceedings  A.  A.  A.  S.,  1898),  have  been  taken  to 
the  Reichsanstalt,  in  Berlin  (Charlottenburg),  by  the  Secretary  of  this 
Committee.  Cell  No.  i  remained  in  good  condition,  but  Cell  No.  2  was 
injured  during  the  long  journey.  Through  the  courtesy  of  Professor 
Kohlrausch,  president  of  the  Reichsanstalt,  and  of  Professors  Hagen  and 
Lindeck  of  the  technical  department,  an  opportunity  was  afforded  of 
making  comparisons  with  the  standards  of  the  Reichsanstalt.  The  result 
of  three  elaborate  series  of  observations  was  that  the  electromotive  force 
of  Cell  No.  I  was  a  little  more  than  one  part  in  20,000  higher  than  the 
mean  of  all  the  normal  Clark  cells  in  both  departments  of  the  Reichsan- 
stalt. No.  2  was  always  a  little  lower  than  No.  i,  the  difference  never 
exceeding  one  part  in  10,000. 

The  comparison  of  the  Clark  cells  at  the  Reichsanstalt  included  a 

determination  of  the  ratios  —-^ — ; — - — 5  and  r^-^ — ; 5.     The  mean 

Cadmium  20°  Cadmium  20° 

value  of  the  former  was  found  to  be  1.40679,  and  of  the  latter  1.42283. 

Hence,  ^,^^    °q  =  1:^13  _  j  _j_  ^  _  1.01140.     The  cadmium  cell  was 
'  Clark  15°       1.40679 

set  up  with  a  saturated  solution  of  CdS04.    Therefore,  Clark  0°  —  Clark 

15°  =.  Clark  15°  X  «  =  0.01634.      Kahle's    direct    value  of  Clark  0° 

obtained  with  the  silver  voltameter  is  1.4496.     Therefore, 

Clark  15°  =  1.4496  —  0.01634  =  1.43326. 

Making  use  of  the  above  ratios  between  the  Clark  and  the  cadmium 
cells,  and  of  the  ratio  obtained  by  Kahle  by  the  silver  voltameter,  and 
appljdng  the  theory  of  probabilities.  Professor  Lindeck  gets  for  the 
electromotive  force  of  the  Clark  cell  at  15°  the  value  1.43295.  The  value 
formerly  used  at  the  Reichsanstalt  was  1.4328.  The  mean  value  of  cells 
No.  I  and  No  2,  reported  last  year  by  this  Committee,  was  1.4333  at  15°. 

The  best  determinations  of  the  electrochemical  equivalent  of  silver 
have  been  reduced  by  T.  W.  Richards'  for  the  purpose  of  comparing  the 
1  Proc.  Am.  Acad.  Arts  and  Sciences,  Vol.  35,  Dec,  1899. 
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results  on  the  basis  of  a  recommended  method  of  handling  the  silver 
voltameter.    The  following  are  the  calculated  values  : 

Lord  Rayleigh  and  Mrs.  Sidgwick,  °^^?!^     =  0.0011170. 

F.  and  W.  Kohlrausch,  ?:25I11?3  ^^  0.0011174. 
1.00082  '^ 

K.  Kahle  (fresh  solution),  ?l22II1_^  —  0.0011173. 
^  '     1.00082  '^ 

Patterson  and  Guthe,  0.0011192 ,„^ 

=o.ooiii74« 

1.00203 

The   electrodynamometer  with  which  the  determinations  have  been 

made  for  this  Committee  is  to  be  reconstructed  for  greater  permanency  of 

form  and  dimensions.     For  the  suspended  coil  a  true  hollow  cylinder  of 

porcelain  will  be  furnished  by  the  Royal  Porcelain  Works,  in  Berlin, 

through  the  kindness  of  Mr.  Louis  J.  Magee,  of  that  city. 

Henry  S.  Carhart,  Secretary'. 
Paris.  May  23,  1900. 
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[abstracts.] 

ATelocity  of  Ions  in  the  Electric  Arc.    By  C.  D.  Chii.d,  Prof,  of 
Physics,  Colgate  Univ. 


Circuit  Breakers  and  Induction  Coii,s.    By  Prof.  Reginai.d  A. 
Fessenden,  Weather  Bureau,  Washington,  D.  C. 
Description  of  some  new  forms  of  coils  and  breakers. 


Photographs  of  Electric  Phenomena.     By  T.  B.  Kinraide,  Ja- 
maica Plain,  Mass. 


The  Nature  of  Sound.    By  Mrs.  E.  M.  Souveille,  Jacksonville,  Fla. 


Note  on  Power  Curves  Drawn  on  Alternating  Current  Circuits. 
By  Edward  B.  Rosa,  Middletown,  Conn. 

By  means  of  the  author's  curve  traces  for  alternating  current  curves 
of  electromotive  force  and  current  are  drawn  and  then  by  means  of  the 
power  attachment,  which  will  be  described,  the  power  curves  are  drawn 
upon  the  same  sheet,  showing  the  proper  phase  relation  to  the  other 
curves.  Circuits  in  which  there  is  large  inductance,  large  capacity  and 
neither  inductance  nor  capacity  have  been  used,  and  power  curves  drawn 
which  show  the  characteristic  features  of  such  circuits. 

Another  case  is  the  magnetizing  current  of  a  transformer  with  open 
secondary',  which  has  been  analyzed  into  its  wattless  component  and  power 
component  The  power  curve  for  each  component  has  been  computed 
and  drawn  in. 
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On  the  Energy  of  the  Cathode  Rays.    By  Wai,ter  G.  Cady,  Prov- 
idence, R.  I. 
A  stream  of  cathode  rays  from  a  cathode  of  potential  V  strikes  a  con- 
ductor ( thermo-element  or  bolometer)  which  is  connected  to  earth  through 
a  galvanometer.     A  current  of  intensity  i  thus  flows  through  the  galva- 

iW 

nometer.     The  emission  hypothesis  requires  the  relation —  =  i,  where 

Q  =  amount  of  heat  per  second  imparted  by  the  charged  particles.     Ex- 

iW 

periment  showed  that  for  large  values  of  f ,  —    was  as  great  as  8,0  or  9,0, 

iV 
but  for  small  /  a  limit  -jr  =  0,83  was  approached. 

This  indicates  that  ( i )  with  strong  currents,  a  part  of  the  main  dis- 
charge flows  to  earth  along  the  path  of  the  rays  ;  (2)  those  particles  that 
are  reflected  lose  a  part  of  their  energy  while  retaining  their  charge,  thus 
making  the  measured  value  of  Q  too  large. 


The  Percentage  Bridge  and  Its  Applications.    By  Herschel  C. 

Parker. 

In  a  paper  read  before  the  American  Institute  of  Electrical  Engineers 

in  Philadelphia,  May  i6th,  the  writer  showed  that  if  to  the  ends  of  a 

bridge  wire  AB  ( 1000  divisions  long)  coils  CC  be  joined  whose  resistance 
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is  19.6  times  the  resistance  of  the  wire  AB,  then  each  division  displace- 
ment of  the  point  of  balance  on  AB  corresponds  to  a  change  in  resistance 
of  0.0 1  per  cent,  in  either  arm  of  the  bridge. 

This  holds  true  from  o.ooi  per  cent,  to  considerably  above  i  per  cent., 
the  errors  being  practically  within  the  errors^of  observation,  and  if  the 
original  point  of  balance  is  100  divisions  away  from  the  center  of  the  wire 
AB  the  error  is  only  o.oi  per  cent. 
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A  bridge  of  this  form  consequently  furnishes  a  most  convenient  means 
for  all  resistance  measurements  that  require  the  exact  determination  of 
comparatively  small  differences. 

The  bridge  now  exhibited  was  built  for  the  writer  by  Mr.  E.  V.  Bail- 
lard,  who  has  introduced  many  novelties  and  improvements  in  construc- 
tion, so  that  the  instrument  may  be  called  a  '*  Universal  Bridge  '*  since  in 
its  present  form  it  can  be  applied  to  a  considerable  number  of  measure- 
ments, and  is  especially  useful  for  all  standardizing  work  in  resistance. 

The  following  examples  will  serve  to  illustrate  the  cases  of  resistance 
measurement  where  this  bridge  can  be  employed. 

/.  The  Comparison  of  Standards. — In  the  diagram  CC  represent  the 
**  percentage  coils,'*  R  and  S  the  standards  to  be  compared,  L  an  auxil- 
iary rheostat.  R  is  balanced  against  L  and  then  S  is  substituted  for  R  by 
simply  changing  the  short  circuit  pi^ce,  the  difference  in  resistance  being 
shown  by  the  displacement  on  the  wire  AB.  With  a  meter  bridge  wire 
and  millimeter  micrometer  it  is  possible  to  make  the  adjustment  to  o.oooi 
per  cent. 

2.  Calibration  and  Adjustment  of  Standard  Rheostats. — Let  S  repre- 
sent a  standard  ohm  and  R  the  rheostat  to  be  calibrated.  Balance  one 
ohm  in  L  against  the  .standard  and  then  substitute  the  one  ohm  coil  in  R 
for  the  standard.  Next  balance  two  ohms  in  \,  against  one  ohm  in  R  plus 
the  standard,  substitute  the  two  ohm  coil  in  R,  and  so  continue  for  all 
the  coils  in  the  rheostat  to  be  calibrated. 

In  place  of  having  the  coils  CC  adjusted  exactly  to  19.6  times  AB,  an 
interpolation  resistance  I  can  be  made  use  of,  or  their  adjustment  can  be 
verified  by  this  means. 

If  the  point  of  balance  on  AB  is  very  far  from  the  center,  compensating 
wires  EE  may  be  introduced.  • 

The  extra  gaps  in  the  bridge  can  also  be  used  for  calibrating  or  adjust- 
ing several  rheostats  or  standards  at  the  same  time. 

J.  Determination  of  Temperature  Coefficients. — The  resistance  whose 
coefficient  is  to  be  found  is  balanced  by  an  approximately  equal  resistance 
in  the  other  bridge  arm.  The  coefficient  is  then  obtained  directly  by  di- 
viding the  displacement  on  the  wire  AB  by  the  number  of  degrees  the 
temperature  is  changed. 

4,  Measurement  of  Low  Resistance, — If  a  resistance  of  one  ohm  be 
added  to  each  arm  of  the  bridge,  then  a  displacement  of  one  division  on 
AB  will  correspond  to  a  change  of  resistance  of  0.0001  ohm  or  o.oi  di- 
vision to  o.oooooi  ohm.  If  resistance  of  o.i  ohm  be  added,  then  one  di- 
vision displacement  is  equal  to  only  o.ooooi  ohm. 

It  is,  therefore,  apparent  that  low  resistances  such  as  the  conductivity 
of  copper  bars,  etc.,  can  be  measured  by  this  method.  For  this  purpose 
knife-edge  contacts  with  flexible  leads  should  be  connected  to  one  of  the 
gaps  of  the  bridge,  the  balance  obtained  when  the  contacts  on  the  bar  are 
a  certain  distance  apart  and  then  the  displacement  on  AB  noted  when  this 
distance  is  changed  by  a  known  amount. 
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5  By  Using  Only  Two  of  the  Eight  Gaps  Provided. — In  this  way  the 
usual  Wheatstone  Bridge  arrangement  is  obtained. 

From  the  above  considerations.it  is  evident  that  an  instrument  of  this 
description  possesses  many  advantages  over  those  of  the  usual  form  of 
construction. 


A  Method  of  Measuring  Surface-tension.    By  James  S.  Stevens. 


Notes  on  the  Use  of  the  Capillary  Electrometer.  By  A.  D. 
Cole,  Denison  Univ.,  Ohio. 
The  capillary  electrometer  is  found  to  be  well  suited  for  use  as  a  meas- 
uring instrument.  It  compares  well  with  the  galvanometer  in  cheapness, 
quickness  of  setting  and  freedom  from  mechanical  and  magnetic  distur- 
bances. A  modification  of  Paschen's  form  of  the  instrument  is  described, 
in  which  great  sensitiveness  is  secured  by  the  use  of  a  (J-tube  having  one 
limb  of  capillary  dimensions.  A  comparison  of  this  with  several  forms 
given  by  Ostwald  is  made.  Cautions  and  suggestions  based  on  experience 
with  about  thirty  of  these  instruments  are  added.  In  conclusion  several 
new  forms  of  electrometer  are  described. 


Diffusion  of  Light.    By  Edward  Atkinson,  Boston,  Mass. 

Methods  of  diffusing  light   in   factories  and   workshops  by  glazing 
mainly  with  ribbed  glass  ;  occasionally  by  using  prismatic  forms. 


On  the  Visible  Radiation  from  Carbon.  By  Edward  L.  Nichols, 
Cornell  University,  Ithaca,  N.  Y. 
Experiments  to  be  described  in  this  paper  have  been  carried  on  in  part 
with  the  aid  of  an  appropriation  from  the  Rumford  Fund  for  Research. 
They  include  spectrophotometric  comparisons  of  the  light  from  carbon 
rods  of  the  sort  used  in  the  filaments  of  modern  incandescent  lamps,  both 
in  the  untreated  (black)  condition,  and  after  treatment  (with  gray  surface). 
Temperatures  were  measured  by  means  of  thermoelements  of  platinum — 
platinum-rhodium,  one  junction  of  which  was  inserted  in  a  cavity  in  the 
rod.  The  ro<ls  were  mounted  horizontally  in  a  vacuum  chamber  of  metal 
and  were  observed  through  a  plate  e^l^'^s  window  inserted  in  the  walls  of 


PAPERS   READ.  77 

the  same.  Through  other  openings,  wires  for  conveying  electric  currents 
to  the  rod,  and  those  pertaining  to  the  thermo  element  were  introduced  ; 
also  tubes  connected  with  manometers,  for  the  determination  of  the  pres- 
sure, and  with  the  mercury  pump.  The  comparison  source  was  a  dia- 
phragmed  acetylene  flame  supplied  with  gas  at  a  constant  pressure. 
Fluctuations  of  this  flame  were  checked  throughout  the  entire  series  of 
measurements  by  means  of  a  thermopile  exposed  to  radiation  from  it 
under  fixed  conditions.  The  range  of  temperature  extended  from  750"  C. 
to  1500°  C.  It  was  found  that  between  icoo°  and  1500°  both  varieties  of 
carbon  showed  a  law  of  radiation  much  more  complicated  than  for  the 
theoretical  black  body  and  that  the  relative  increase  in  the  intensity  of 
the  different  wave  lengths  of  the  visible  spectrum  was  not  such  as  to  favor 
any  of  the  plans  for  the  optical  measurements  of  temperature  hitherto 
proposed. 

[To  be  published  in  full  in  the  Physical  Review.] 


On  the  DEVE1.0PMENT  OF  Cathode  Rays  by  Ui^traviolet  Light. 
By  Professor  Ernest  Merritt  and  O.  M.  Stewart,  Ithaca, 
N.  Y. 
A  zinc  electrode,  amalgamated  and  highly  polished,  formed  the  kath- 
ode of  a  vacuum  tube.  A  grounded  ring  of  aluminum  wire  a  few  centi- 
meters distant  acted  as  anode.  The  kathode  was  charged  by  means  of  a 
dry  battery  giving  about  1000  volts.  The  yacuum  being  so  high  that  no 
discharge  occurred  at  this  potential,  the  zinc  kathode  was  illuminated  by 
ultraviolet  light,  which  entered  the  tube  through  a  quartz  window. 
While  this  illumination  continued  there  was  a  slow  discharge,  and  as  long 
as  this  lasted  rays  were  given  off  from  the  zinc  kathode  which,  although 
invisible,  could  be  shown  to  possess  all  the  essential  properties  of  kathode 
rays.  For  example  :  ( i )  A  test  electrode  placed  in  the  path  of  the  rays  re- 
ceived a  negative  charge  ;  (2)  By  means  of  a  magnet  the  rays  could  be 
deflected  and  caused  to  fall  on  other  electrodes,  the  presence  of  the  rays 
being  indicated  by  the  charge  carried  by  them  ;  (3)  Evidences  were  ob- 
tained of  a  deflection  of  the  rays  by  electrostatic  forces  ;  (4)  The  residual 
gas  in  the  tube  became  conducting  under  the  influence  of  the  rays.  Flu- 
orescence produced  by  the  rays  could  not  be  observed,  probably  on  account 
of  their  slight  intensity. 


The  Surface-tension  of  Water  above  100°  C.    By  Charles  Tobias 
Knipp,  Indiana  Univ.,  Bloomington,  Indiana. 
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The  Effect  upon  the  Persistence  of  Vision  of  Exposing  the  Eye 
TO  Light  of  Various  Wave  Lengths.  By  Prank  Ai,i.en,  Ithaca, 
N.  Y. 

The  persistence  of  color  impressions  has  been  studied  by  Plateau,  Nich- 
ols and  Ferry,  who  found  that  when  the  measurements  were  made  on  a 
spectrum  by  means  of  a  sectored  disk,  the  persistency  curve  took  a  para- 
bolic form  with  its  apex  near  the  D  line.  Abney  and  others  have  found 
that  luminosity,  persistency,  and  other  curves  for  abnormal  eyes  differed 
from  similar  curves  for  normal.  This  suggested  a  method  of  producing 
abnormal  conditions  in  the  normal  retina,  and  then  comparing  the  nor- 
mal and  abnormal  persistency  curves.  By  fatiguing  the  eye  successively 
with  red,  green,  and  violet  of  an  arc  spectrum,  and  making  measurements 
of  the  persistence  of  colors  of  an  acetylene  spectrum,  the  persistence  of 
the  red,  green,  and  violet  was  found  to  be  increased  showing  elevations  or 
bunches  in  the  parts  of  the  curves  corresponding  to  those  colors.  When 
the  eye  was  fatigued  with  yellow  or  blue,  no  elevations  were  produced  in 
the  parts  corresponding  to  these  colors,  but  with  the  former,  elevations 
were  produced  in  the  green  and  red,  while  in  the  case  of  the  latter  they 
were  found  in  the  green  and  violet. 

These  measurements  confirm  the  Young  Helmholtz  theory  of  color  sen- 
sation. 

When  the  eye  was  fatigued  with  white  (arc)  light,  the  whole  persist- 
ency curve  was  elevated  above  the  normal,  but  to  a  greater  extent  at  the 
ends  of  the  spectrum  than  in  the  middle. 

Persistency  curves  of  the  eye  adapted  for  faint  light  or  for  complete 
darkness  differed  in  many  respects  from  the  normal  curve  of  the  eye 
adapted  for  diffused  daylight.  Similar  curves  for  naturally  color-blind 
persons  show  all  the  characteristics  disclosed  by  the  ordinary  methods, 
and  also  indicate  conditions  of  the  retina  hitherto  unnoticed.  Sufficient 
numbers  of  these  color-blind  persons  have  been  examined  by  this  method 
to  show  its  possibilities,  but  not  enough  to  enable  any  important  conclu- 
sions to  be  arrived  at  with  certainty. 

Further  experiments  are  in  progress. 


Copper  Saving  in  the  Joint  Transmission  of  Direct  and  Ai^ter- 
nating  Currents.    By  Frederick  Bedell,  Ph.D.,  Ithaca,  N.  Y. 


On  the  Theory  of  the  Coherer.    By  K.  E.  Guthe  (Ph.D.)  and  A. 
Trowbridge  ^^Ph.D.^.  Ann  \rHor.  Mich. 
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Appwcation  of  the  Schi,ierbn  Methods  to  the  Microscope.  By 
Prop.  R.  W.  Wood,  Madison,  Wis. 
An  illumination  was  arranged  as  follows  :  A  screen  bounded  by  a  ver- 
tical straight  edge  was  placed  in  front  of  an  incandescent  gas  lamp,  so  as 
to  cut  off  half  of  the  mantle,  and  give  a  source  of  light  bounded  by  a 
straight  edge.  A  small  lens  of  very  short  focus  was  placed  below  the  stage, 
as  close  as  possible  to  the  object.  The  lamp  was  at  a  distance  of  6  feet, 
and  the  light  reflected  from  the  mirror  was  brought  to  a  focus  by  this 
lens  passing  through  the  object  on  the  way.  The  image  of  the  lamp 
formed  in  space  was  viewed  by  the  microscope,  the  tube  being  raised  a 
sufficient  amount.  A  little  strip  of  thin  brass,  bounded  by  a  straight  edge, 
was  arranged  so  that  it  could  be  moved  into  the  plane  of  the  image  of  the 
flame,  and  adjusted  so  that  it  screened  off  the  image  with  the  exception 
of  an  exceedingly  narrow  line  of  light  along  the  straight  edge.  The  ob- 
ject chosen  as  a  test  was  powdered  glass  in  cedar  oil.  The  particles  were 
almost  invisible  under  ordinary  conditions  of  illumination.  Upon  lower- 
ing the  microscope  until  the  "preparation"  came  into  focus,  and  advanc- 
ing the  brass  screen  until  almost  all  of  the  light  was  cut  off,  the  particles 
came  out  in  full  relief  with  strong  lights  and  shadows,  as  distinct  as 
lumps  of  glass  in  air.  Two  photographs  of  the  preparation  were  shown 
-with  the  lantern,  one  taken  with  a  substage  condenser  and  small  dia- 
phragm, which  showed  scarcely  anything,  the  other  with  the  "Schlieren" 
arrangement  showing  the  particles  most  distinctly.  The  method  is  only 
adapted  for  use  with  low  powers,  say  f  of  an  inch  or  longer.  The  lens 
beneath  the  object  should  form  its  image  about  0.5  mm.  below  the  objec- 
tive, when  the  latter  is  focused  in  the  preparation. 


Photography  of  Sound  Waves  or  the  Kimmatographic  Demon- 
stration OF  THE  EV01.UT10N  OF  Reflected  Wave-fronts.  By 
Prof.  R.  W.  Wood,  Madison,  Wis. 


Studies  in  Pi^teau  Barometry.     By  Prof.  Frank  H.  Bigelow, 
U.  S.  Weather  Bureau,  Washington,  D.  C. 


A  New  Theory  of  the  Electromagnetic  Rotation  of    Light. 
By  Prof.  Reginald  A.  Fessendrn,  Weather  Bureau,  Washington, 
D.C. 
Detailed  account  of  theory  presented  at  Columbus  meeting  of  associa- 
tion in  paper  on  **  The  Nature  of  the  Electric  and  Magnetic  Quantities." 
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It  is  shown  that  the  presence  of  absorption  in  a  medium  leads  to  a  dis- 
placement of  the  phases  of  fluxes  and  forces  in  an  electromagnetic  wave 
which  necessitates  the  rotation  of  the  wave  when  in  the  presence  of  a 
magnetic  field.  It  is  pointed  out  that,  as  evidence  in  its  favor,  ( i ) 
Rotation  has  only  l)een  obser\'ed  in  light  absorbent  substances:  (2)  In 
those  substances  examined  the  rotation  is  greatest  in  that  part  of  the  spec- 
trum where  the  absorption  is  greatest;  (3)  Those  substances,  such  as 
copper  oxide  and  selenium,  which  give  greatest  rotation,  are  very  strongly 
absorl)ent. 


Note  ON  thk  Fi,ow  ok  Rnkrgy  around  a  Conducting  Screen  near 
A  Current  Sheet.  By  Prof.  \V.  S.  Frankun,  Soutli  Bethlehem, 
Pa. 


An  Observation  i'pon  the  Surface  Viscosity  of  Mercury.     By 
William  A.  Anthony,  Prof,  of  Physics,  Cooper  Univ.,  N.  Y. 


Some   Lecturk-room  Methods  in  the  Elementary  Theory  of 
Elasticity.     By  Prof.  W.  S.  Franklin,  South  Bethlehem,  Pa. 


Temperature  Effects  on  a  Tuning-fork.    By  Prof.  John  O.  Reed 
AND  Dr.  E.  C.  Woodruff. 
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ADDRESS 

BY 

JAS.  LEWIS  HOWE, 

VICE   PRESIDENT,    AND   CHAIRMAN  OF  SECTIOJN   C. 


THE  EIGHTH  GROUP  OF  THE  PERIODIC  SYSTEM  AND 
SOME  OF  ITS  PROBLEMS. 


In  the  early  work  of  Newlands  and  of  Mendel^eff,  which 
subsequently  developed  into  the  periodic  law,  a  serious  diflS- 
culty  was  met  in  dealing  with  iron,  cobalt,  nickel,  and 
the  metals  of  the  platinum  group.  In  Newlands'  modified 
statement  of  his  law  of  octaves  he  Says :  '  *  The  numbers  of 
analogous  elements,  when  not  cojisecutive,  differ  by  seven  or  by 
some  multiple  of  seven.'*  Thus  we  find  him  grouping'  cobalt 
and  nickel  under  a  single  number ;  so  rhodium  and  ruthenium  ; 
so  also  platinum  and  iridium.  Cobalt,  nickel,  palladium, 
platinum  and  iridium  are  considered  by  him  analogous  ele- 
ments, each  occupying  the  first  place  in  the  octave  to  which  it 
belongs  ;  iron,  rhodium,  ruthenium  and  gold  are  analogous 
elements,  each  occupying  the  seventh  place  in  its  octave  ; 
while  osmium  is  included  with  copper  and  silver  as  the  second 
members  of  their  octaves.  There  was  here  an  easily  recognized 
inconsistency  which  was  not  cleared  up  till  many  years  later 
Seubert  was  led  by  the  study  of  the  periodic  law  to  revise  the 
atomic  weights  of  these  metals. 

In  his  first  summing  up  of  the  principles  of  the  periodic  law 
in  1 869,  Mendel6eff  concludes  that  *  *  elements  which  are  similar 
as  regards  their  chemical  properties  have  atomic  weights 
which  are  either  of  nearly  the  same  value  (<?.  g.,  platinum, 
iridium,  osmium)  or  w^hich  increase  regularly  {e.g.,  potassium, 
rubidium,  cesium**).^     So  in  most  schemes  for  representing 

1  Chem.  News,  13,  130  (1866). 

a  Jour.  Phys.  Chcm.  Soc.  Russ.,  i,  60  (1869). 
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the  periodic  system,  each  triplet  of  these  elements  is  considered 
as  a  single  element,  and  because  even  then  they  do  not  seem 
to  fall  into  regular  periodic  arrangement,  they  are  cast  out, 
Ishmael-like,  into  an  anomalous  eighth  group.  This  is  doubtless 
the  reason  they  have  been  relatively  so  much  neglected  by 
chemists,  and  possibly  it  is  not  incorrect  to  say  that  the  chem- 
istry of  these  metals  is  less  known  than  that  of  any  other 
group  of  well-characterized  elements.  Yet  there  are  certainly 
no  nine  nearly  related  elements  which  present  so  many  inter- 
esting chemical  problems,  whose  solution  will  so  much  further 
our  knowledge  of  chemistry  in  general.  It  is  the  purpose  of 
this  address  to  attract  the  attention  of  the  members  of  this 
section  to  this  group  and  some  of  its  many  problems. 

The  ordinary  division  of  these  nine  metals  is  into  three 
groups ;  viz.,  the  common  metals,  iron,  cobalt,  and  nickel,  wnth 
an  atomic  weight  of  from  56  to  59  and  a  specific  gravity  of  7.8 
to  8.9;  the  lighter  platinum  metals,  ruthenium,  rhodium,  and 
palladium,  with  an  atomic  weight  101.5  to  106.5  ^^^  ^  specific 
gravity  of  about  12  ;  and  the  heavy  platinum  metals,  osmium, 
iridium,  and  platinum,  of  atomic  weight  191  to  195  and  specific 
gravity  21.5  to  22.5. 

Of  these  metals,  iron  alone  can  be  considered  abundant  and 
was  the  only  one  known  until  the  eighteenth  century.  The 
ores  of  cobalt  and  nickel  have  been  recognized  for  over  two 
centuries,  but  the  probable  presence  of  a  new  metal  in  cobalt 
ore  was  first  pointed  out  by  Brandt'  in  1735,  and  nineteen 
years  later  Cronstedt*  determined  the  existence  of  nickel. 
Both  of  these  discoveries  were  several  decades  after  confirmed 
by  Bergman.' 

It  is  a  curious  and  interesting  fact  that  a  coin  of  Bactria* 
of  a  date  more  than  two  centuries  before  Christ  has  been 
found  containing  twenty  per  cent,  of  nickel  and  hence 
quite  similar  in  composition  to  our  modern  "  nickels."  There 
seem,  however,  to  be  no  references  in  ancient  literature  which 
would  indicate  that  attention  was  ever  attracted  by  nickel  or 
any  of  its  compounds. 

1  Akla  Reg.  Soc.  Sci.  Upsala  (i755).  33- 

a  K.  Svenska  Vet.  Akad.  Handl.  (1751),  293. 

»  Opusc.  Diss  20(1775),  24  (1780)  12  and  14,  25  (1779).  31  and  33. 

♦  Ann.  der  Phys.  (Pogg),  139.  ^oi  (-°-o). 
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Turning  to  the  platinum  metals,  the  first  recognized  mention 
of  platinum  seems  to  be  in  the  **  Relacion  historica*'  of  Don 
Antonio  de  Ulloa  (vol.  i,  lib.  vi,  cap.  lo,  p.  606)  published  first 
in  1748,  the  book  being  an  account  of  the  French  expedition 
of  1735  to  the  western  coast  of  South  America  to  measure  an 
arc  of  the  meridian  on  the  equator.  The  passage  reads :  In 
the  district  of  Choc6  (Colombia)  which  contains  many  placer 
mines,  are  also  found  some,  the  gold  of  which,  occurring 
mixed  with  other  substances  as  metals  and  rocks,  or  being 
enveloped  in  them,  requires  the  use  of  quicksilver  for  its 
extraction  ;  and  sometimes  ores  are  found  which  are  not 
worked  because  of  the  Platina  in  them  (a  mineral  of  such 
resistance  that  it  is  not  easy  to  break  it,  nor  to  crush  it  upon 
an  anvil),  for  this  substance  is  not  affected  by  calcination,  nor 
is  there  any  means  of  extracting  the  metal  which  it  contains, 
except  at  the  cost  of  much  labor  and  expense. 

From  the  mention  here  made,  platinum  is  evidently  a  well- 
known  substance,  and  it  is  by  no  means  improbable  that  earlier 
definite  mention  of  platinum  may  yet  be  found.  In  this  con- 
nection it  is  interesting  to  note  that  there  have  been  many 
efforts  to  show  that  platinum  was  known  at  much  earlier 
periods.  Scherer'  considers  from  a  passage  in  Balbin's 
History  of  Bohemia  (P.  I.,  ch.  xiv,  p.  4)  that  platinum  was 
known  to  the  Bohemian  Jesuits  toward  the  end  of  the  seven- 
teenth century,  occurring  in  the  Riesengebirge,  for  he  speaks 
of  a  kind  of  gold  so  white  that  one  would  swear  it  was  silver* 
were  it  not  for  its  weight,  ductility,  infusibility,  and  insolu- 
bility in  nitric  acid.  Julius  Scaliger's  Exercitationes  Exote- 
ricae  de  Subtilitate,  published  at  Frankfort  in  1601,  makes 
mention  of  an  infusible  metal  found  in  the  mines  of  Mexico 
and  Darien,  which  might  seem  to  indicate  platinum.'  There 
have  been,  moreover,  a  number  of  efforts  to  show  that  platinum 
was  known  to  antiquity,   under  the  names  of  eledrum  or  of 

1  AllfiT.  J.  Cbem.  (Scherer)  6,  633  (iSoi). 

3  Aurura  album,  quod  argentura  esse  jura  res,  nisi  auro  familiares  proprietates 
aliud  suaderent.  pondua  scilicet,  extensibilitas,  vis  eludeudi  ignemet  aquani  fortem, 
•olubilitas  in  aqua  regia,  etc. 

*  Praeteria  scito  infunduribus.  qui  tractus  est  inter  Mexicum  et  Darien,  fodinas 
esse  auricalchi,  quod  nullo  igni,  nuUis  hispanicis  artibus,  hac  tenus  liquescere 
potuit. 
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plumbum  candidum,  Cortinovis*  considers  that  the  electrum  of 
the  ancients  was  platinum,  and  proves  it  to  his  own  satisfac- 
tion from  the  Bible,  from  classic  historians  of  nature  and  art, 
from  poetry  and  from  Homer.*  A  similar  view  is  held  by 
Schweigger,*  where  Pausanius  (5,  chap  12,  p.  406.  Ed. 
Casaub.)  is  quoted  as  mentioning  electrum,  from  which 
Augustus  had  made  columns,  as  occurring  in  nature  in  the 
sands  of  the  river  Eridanus,  and  as  being  very  rare,  hence 
much  more  valuable  than  the  other  kind  of  electrum  which  is 
merely  an  alloy  of  silver  and  gold.  In  1850  Paravey*  makes 
a  strong  effort  to  show  that  Pliny,  when  speaking  in  his  Natural 
History  of  plumbum  candidum,  refers  to  platinum.  Pliny 
speaks  indeed  of  a  lead,  heavier  and  more  ductile  than  gold, 
and  in  Book  34,  Chapter  16,  gives  a  definite  description  of  it. 
To  use  the  quaint  translation  of  Philemon  Holland,  Doctor  of 
Physicke,  published  first  in  1601  : 

'*  Now  insueth  the  discourse  of  lead,  and  the  nature  of  it ;  of 
which  there  be  two  principall  kindes,  the  blacke,  and  the 
white.  The  richest  of  all,  and  that  which  carrieth  the  greatest 
price,  is  that  which  we  in  Latine  name  Plumbum  candidum, 
/.  €.  the  white  bright  lead  and  the  Greeks  Cassiteron.  But  I 
hold  it  a  meere  fable  and  vaine  tale,  that  all  of  it  is  fetched  as 
farre  as  from  the  Islands  of  the  Atlanticke  Sea,  and  that  the 
inhabitants  of  those  parts  doe  conveigh  it  in  little  twiggen 
boats,  couered  all  ouer  with  feathers.  For  the  truth  is  that 
there  is  found  of  it  in  these  daies  within  Portugall  and  Gal- 
laecia,  growing  ebbe  upon  the  opmost  face  of  the  earth,  being 
among  the  sands,  of  a  black  colour,  and  by  the  weight  only 
is  knowne  from  the  rest  of  the  soile :  and  here  and  there 
among,  a  man  shall  meet  with  small  stones  of  the  same  stiiffe, 
most  of  all  within  the  brookes,  that  be  dry  sometimes  of  the 
yere.  This  sandie  and  grauelly  substance,  the  mine  masters 
and  mettall  finers  use  to  wash,  and  that  which  settleth  downe- 

1  Opuscoli  Scelti  SuUa  Scienze,  etc.    Milano.  1760. 
s  As  an  instance  of  the  views  of  Cortinovis  may  be  cited  the  lines  : 
Atria  cinxit  ebur,  trabibus  solidatur  ahenis 
Culmen  et  in  celsas  surgunt  eUctra  columnas, 
from  Claudian's  Rape  of  Proserpina  (Book  I,  v.  164)  where  it  is  considered  that 
electrum  must  mean  platinum. 

«  J.  prakt  Chem.,  S4i  385  (1845)- 
*  Compt  rend.  13, 179  (1850). 
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ward,  they  bume  and  melt  in  the  furnace.  There  is  found 
likewise  in  the  gold  mines  a  kind  of  lead  ore  which  they  cal 
Elutia  ;  for  that  the  water  that  they  let  into  these  mines  (as  I 
said  before)  washeth  and  carrieth  down  withall  certain  Tittle 
blacke  stones  streaked  and  marked  a  little  with  a  kind  of  white, 
and  as  heavy  they  be  in  hand  as  the  very  ore  of  gold ;  and 
therefore  gathered  they  be  with  the  same  ore,  and  laid  in  the 
paniers  together  therewith;  and  afterward  in  the  furnace 
when  the  fire  hath  made  a  separation  between  them  and  gold, 
so  soone  as  they  are  melted  do  resolue  into  the  substance  of 
the  white  lead  or  tin  glance  aforesaid. ' ' 

If  Pliny '  s  observation  that  this  variety  of  plumbum  candidum 
is  as  heavy  as  gold  could  be  relied  upon,  the  view  would  be 
plausible  that  he  was  cognizant  of  platinum,  but  unfortunately 
in  other  places  he  gives  evidence  of  great  inaccuracy  in  this 
respect.  So  too  there  seems  no  good  reason  for  considering 
the  metallic  eledrum  to  be  anything  other  than  the  natural  or 
artificial  white  alloy  of  gold  and  silver.  If  there  were  any 
question  as  to  whether  platinum  were  know^n  to  the  ancients, 
it  would  seem  to  be  completely  answered  in  the  negative  by 
the  fact  that  no  platinum  object,  no  nugget,  or  grain  of 
platinum  has  been  found  among  ancient  remains. 

Soon  after  the  introduction  of  platinum  into  Europe,  no 
inconsiderable  amount  of  work  was  done  upon  it,  by  Watson, 
SchefFer,  -  Lewis,  Macquer,  Marggraf,  Bergman,  Guy  ton  de 
Morveau,  and  others.  A  few  chemists,  led  by  Buff  on,*  cast 
loubts  upon  its  elementary  character.  Buff  on,  when  reading 
lis  history  of  minerals  to  the  Dijon  Academy,  held  that  plati- 
lum  was  an  alloy  of  gold  and  iron,  because  it  was  attracted 
Dy  a  magnet,  and,  said  he,  if  platinum  be  a  metal  there  must 
De  a  second  substance  in  nature  attracted  by  a  magnet.  Von 
Milly  believed  that  mercury  was  also  present  in  the  alloy,  but 
Blondeau,'  professor  of  mathematics  at  Brest,  showed  the 
great  improbability  that  platinum  was  anything  other  than  a 
simple  metal. 

The  first  suggestion  of  a  practical  use  for  platinum  seems  to 
have    come    from   Lavoisier's'   observation  of    its  value  for 

1  Obs.  sur.  phys.  (Rozicr),  3,  322  (1774). 

2  Ibid.,  4.  154  (1774). 

»  Annales  dc  chim.,  5,  137  (1790)- 
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laboratory  utensils.  Many  eflForts  were  made  in  the  last 
decade  of  the  eighteenth  century  to  fuse  platinum  or  to  get 
it  into  workable  form.  The  first  recorded  success  in  this 
direction  was  that  of  Janetty*,  a  Parisian  artisan  who  melted 
platinum  by  alloying  it  with  arsenic.  It  was  also  alloyed  with 
lead  or  with  bismuth  and  then  cupelled.  Before  1800  I'abb^ 
Rochon*  wrapped  grains  of  platinum  in  platinum  foil,  heated 
to  redness  and  then  hammered  into  an  ingot.  Moussin- 
Poushkin'  amalgamated  platinum  sponge  with  mercury  and 
ignited  in  a  muffle.  Another  process  is  described/  of  wrap- 
ping ammonium  chloroplatinate  in  platinum  foil,  igniting,  and 
hammering.  In  1800  Knight*  published  his  process  which 
with  some  modifications  was  generally  adopted  and  remained 
in  use  till  the  metal  was  fused  in  the  flame  of  an  oxyhydro- 
gen  blowpipe  by  Deville  and  Debray,  more  than  half  a  century 
later.  Knight's  process  consisted  in  heating  platinum  sponge 
in  a  nearly  cylindrical  but  slightly  tapering  clay  mould,  and 
compressing  it  by  a  few  hammer  blows  while  in  the  furnace. 
This  gave  a  coherent  platinum  which  could  be  readily  worked 
into  a  ingot.  It  was  just  about  the  opening  of  the  century 
that  the  discovery  of  platinum  in  the  Ural  Mountains  occurred*, 
and  the  supply  being  thus  very  materially  augmented,  the  use 
of  platinum  in  the  laboratory  became  established.  At  the 
same  time  the  study  of  the  metal  from  a  chemical  standpoint 
led  to  the  discovery  of  several  other  metals  in  the  platinum 
ores.  No  less  than  five  of  the  distinguished  chemists  of  that 
day  were  working  on  the  ore,  with  the  special  aim  of  separa- 
ting out  other  metals  which  they  had  reason  to  believe  were 
present.  Palladium  was  first  obtained  by  Wollaston  ;  Collet 
Descotils  was  the  Ar^/ A> ///^//VA  indications  of  what  we  now 
know  to  be  iridium,  and  Fourcroy  and  Vauquelin  at  the  same 
time  had  this  metal  in  hand  in  an  impure  form.     The  real 

»  Chcm.  Ann.  (CrrlP.  i:v>v\  ii.  5,\,  The  name  is  also  speUed  Jeanty.  Jeannety. 
und  Janncty. 

^  Ann  arr  Thy*.  (Gilbert).  4. -»S.»  (nico). 
»  Chcm    Ann*.  vCielH.  i>xi.  ii.  ,15^. 

*  Phil    NU^.ti.  i'5  v»^^5^" 

*  Ibivi..  6,  I  v*'^^^ 

*  OMun  ji<iy»  vAnn  vtcr  rhy».  (IVtug.^  11.  511  (i^J?))  that  the  first  meotioo  be  can 
ftmt  of  pUtinnm  in  c\>nnecUou  with  the  Vral  Mt*.  is  .\nu.  de  Chim..  60, 317  (1S06) 
whete  VAU\)iietin  !t(>eaks  of  a  minor  that  platinum  has  been  dfccoT«red  in  Siberia. 
v><&Ann  cvMilii  inn  trace  the  v>ri|:in  of  this  rumor. 
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discoverer  of  iridium  should  be  recognized  in  Smithson 
Tennant,  who  not  only  separated  it  in  purity,  but  also,  at 
almost  the  same  time,  found  in  the  same  residues  the  element 
osmium  which  seems  to  have  been  wholly  overlooked  by  the 
French  chemists.  This  chapter  was  closed  a  few  months  later 
by  Wollaston's  discovery  of  rhodium. 

The  episode  of  the  discovery  of  palladium  throws  a  curious 
light  upon  the  chemistry  and  chemists  of  that  period.  On 
May  12,  1803,  Chenivix  read  a  paper  before  the  Royal 
Society*  stating  that  two  weeks  previously  (April  29)  he 
learned  by  a  printed  notice  that  a  substance  announced  as 
palladium,  a  new  metal,  was  offered  for  sale  at  the  establish- 
ment of  a  well-known  mineralogist.  The  printed  notice''  opens : 
*  *  Palladium,  or  new  silver,  has  these  properties  among  others 
which  show  it  to  be  a  new  noble  metal ' '  and  then  follows  the 
enumeration  of  eight  characteristics  of  the  metal,  closing 
Tvith  the  address  where  the  new  metal  could  be  bought. 
Chenivix  goes  on  to  say  that  the  mode  adopted  to  make  known 
a  discovery  of  so  much  importance  without  the  name  of  any 
creditable  person,  except  the  vendor,  appeared  to  him  unusual 
and  not  calculated  to  inspire  confidence.  Having  examined  a 
small  sample,  Chenivix  returned  and  purchased  the  whole 
supply.  He  then  says  :  '*  We  shall  cease  to  wonder  at  what 
has  been  related  by  these  chemists  ( Berth oUet  on  aflBnity  and 
Hatchett  on  alloys),  when  we  learn  that  palladium  is  not  as 
was  shamefully  announced  a  new  simple  metal,  but  an  alloy  of 
platina ;  and  that  the  substance  which  can  thus  mask  the 
most  characteristic  properties  of  that  metal,  while  it  loses  the 
greater  number  of  its  own,  is  mercury.  Chenivix,  however,  on 
May  4  had  written'  to  Vauquelin  that  palladium  really  was  a 
new  metal  and  Chenivix  sent  him  a  small  specimen.  A  few 
days  later  another  letter*  makes  the  claim  that  palladium  is  a 
platinum-mercury  alloy.  The  editors  of  the  Annates  com- 
ment upon  this  that  from  Vauquelin 's  experiments  Chenivix  is 
probably  wrong.  It  is  interesting  to  read  the  comments  of 
Chenivix  upon  the  masking  of  the  individual  properties  of 

1  Phil.  Trans.,  93,  290  (1S03). 
a  Ann.  dc  Chim.,  46,333  (iboj) 
»  Loc.  cit. 
♦  Ibid.,  p.  336. 
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both  platinum  and  mercury  in  palladium,'  a  correct  moral 
drawn  from  a  false  premise.  There  was  something  almost 
prophetic  in  the  observations  of  Chenivix,  for  there  are  in 
chemistry  no  elements  whose  properties  exhibit  such  great 
variability  when  not  pure,  as  do  those  of  the  platinum  group. 
The  still  anonymous  discoverer  of  palladium  immediately 
offered  through  Nicholson's  Journal  a  reward  of  twenty  pounds 
sterling  to  any  one  who  should  manufacture  even  twenty 
grains  of  real  palladium,'  and  many  chemists  entered  into  the 
discussion  as  to  the  elementary  character  of  the  metal.  On 
June  24,  1804,  three  days  after  Tennant  had  made  known  the 
discovery  of  iridium  and  osmium,  Wollaston  read  a  paper 
before  the  Royal  Society'  acknowledging  himself  to  be  the 
discoverer  of  palladium.  Wollaston  had  been  engaged  in  an 
effort  to  obtain  malleable  platinum,  and  having  precipitated 
his  solution  of  the  ore  with  iron,  he  found  a  part  of  this  pre- 
cipitate to  be  soluble  in  a  mixture  of  hydrochloric  acid  with 
saltpeter,  potassium  chlorpalladate  being  formed.  He  at  once 
concluded  that  palladium  must  be  a  simple  metal,    because 

1  "  The  substance  which  has  been  treated  of  in  this  paper,  must  convince  us  how 
dang^erous  it  is  to  form  a  theory  before  we  are  provided  with  a  sufficient  number  of 
facts,  or  to  substitute  the  results  of  a  few  observations  for  the  general  laws  of 
nature.  If  a  theor>'  is  sometimes  useful,  as  a  standard  to  which  we  may  refer  our 
knowledge,  it  is  at  other  times  prejudicial,  by  creating  an  attachment  iu  our  minds 
to  preconceived  ideas,  which  have  been  admitted  without  inquiring  whether  from 
truth  or  from  convenience.  Wo»can  easily  correct  our  judgment  as  to  facts  and  the 
evidence  of  experiment  is  equally  convincing  to  all  person.^.  But  theories,  not  ad- 
mitting of  mathematical  demonstration,  and  being  but  the  interpretation  of  a  series 
of  facts,  are  the  creatures  of  opinion,  and  are  Koverned  by  the  various  impressions 
made  upon  every  individual.  Nature  laughs  at  our  speculations  ;  and  though  from 
time  to  time  wc  receive  such  warnings  as  should  awaken  us  to  a  due  sense  of  our 
limited  knowledge,  we  are  presented  with  an  ample  con>pensation,  in  the  extension 
of  our  views,  and  a  nearer  approach  to  the  immutable  truth."  Phil.  Trans.  93,317 
(1803). 

2  •'  Dec.  19,  1803.  Editor  Nicholson's  Journal.  Sir  :  As  I  see  it  said  in  one  of  your 
Journals,  that  the  new  metal  I  have  called  palladium  is  not  a  new  uohle  metal  as  I 
have  said  it  is,  but  an  imposition  and  a  compound  of  platina  and  quicksilver,  I  hope 
you  will  do  me  the  justice  in  your  next  and  tell  your  readers  I  promise  a  reward  of 
/"to,  now  in  Mrs.  Foster's  hands,  to  any  one  that  will  make  only  so  grains  of  real 
palladium,  before  any  three  gentlemen  chymists  you  please  to  name,  yourself  one 
if  you  like.  That  he  may  have  plenty  of  his  ingredients,  let  him  use  20  times  as 
much  quicksilver,  20  times  as  much  platina,  and  in  short  of  anything  else  he  pleases 
to  use  :  neither  he  nor  I  can  make  a  single  grain.  Pray  be  careful  in  trying  what  it 
is  he  makes,  for  the  mistake  must  happen  by  not  trying  it  rightly.  My  reason  for 
not  saying  where  it  was  found  was  that  I  might  make  some  advantage  of  it  as  I  have 
a  right  to  do.  ♦  *  •  •  i  hope  a  little  bit  of  whatever  is  made  may  be  left  with 
Mrs.  Foster."    Nich.  J.  7,  75, 159  (1804). 

s  Phil.  Trans.,  04,  419(1804). 


ADDRESS   BY  J  AS.    LEWIS   HOWE.  9 1 

there  is  **no  instance  in  chemistry  of  a  distinctly  crystallized 
salt  containing  more  than  two  bases  combined  with  one  acid," 
another  correct  conclusion  drawn  from  a  false  premise.  In 
his  solution  Wollaston  found  also  indications  of  rose-colored 
soluble  crystals  which  he  attributed  to  another  new  metal,  and 
to  this  he  gave  the  name  rhodium.  This  is  the  explanation  of 
his  curious  method  of  making  known  his  discovery  of  palla- 
dium :  *  *  On  this  and  on  other  accounts  I  endeavored  to 
reserve  to  myself  a  deliberate  examination  of  these  difficulties, 
which  the  subsequent  discovery  of  a  second  new  metal,  that 
I  have  called  rhodium,  has  since  enabled  me  to  explain,  with- 
out being  anticipated  even  by  those  foreign  chemists  whose 
attraction  has  been  particularly  directed  to  this  pursuit.'"  It 
is  possible  from  this  that  Wollaston  himself  had  been  led  to 
his  work  in  part  at  least  by  the  earlier  observations  of  the 
French  chemists.* 

It  was  in  1803  that  CoUet-Descotils  had  read  a  paper  before 
the  Institute  of  France  on  the  cause  of  the  different  colors 
w^hich  aflFect  certain  salts  of  platinum.  The  residue  from  the 
solution  of  platinum  ores  in  aqua  regia  and  which  was  thought 
to  be  graphite,  was  still  slightly  soluble  in  aqua  regia  and 
gave  a  reddish  tint  to  the  potassium  chlorplatinate  made  from 
it.  The  metal  derived  from  this  red  salt  was  found  to  be  only 
partially  soluble  in  aqua  regia  and  hence  beyond  question 
Descotils  had  in  hand  on  several  occasions  a  fairly  pure 
iridium,  containing,  however,  in  addition  to  platinum  perhaps 
traces  of  rhodium.  He  was  convinced  that  he  had  here  a  new 
metal  but  he  did  not  investigate  its  properties.^ 

1  Nicholson's  J.,  0,204  (1805). 

3  Since  this  address  was  in  type.  I  have  received  the  interesting  presidential 
address  of  Dr.  Thorpe  to  the  Chemical  Society  (London),  in  which  this  episode  is 
treated  quite  exhaustively.  What  Wollaston's  motive  was  in  bringing  his  discovery 
to  the  notice  of  the  scientific  world  in  so  extraordinary  a  manner,  Dr.  Thorpe  says 
can  only  be  surmised.  Is  not,  however,  in  view  of  Wollaston's  statement,  the  motive 
clearly  apparent?  He  had  found  palladium;  he  was  in  pursuit  of  rhodium;  he 
knew  that  at  least  four  other  distinguished  chemists  were  also  on  track  of  new 
metals  in  platinum  residues,  and  any  hint,  such  as  the  publication  of  his  work  on 
palladium,  would  help  them  to  anticipate  him  in  the  matter  of  rhodium,  while  if  he 
kept'silence  some  of  them  could  not  fail  to  discover  palladium. 

»  of  this  Descotils  writes  (Ann.  de  Chim.  48, 165  (1803)) :  On  pent  d6ja  conclure  que 
la  coloration  en  rouge  des  sels  de  platine  est  due  k  I'oxig^nation  d'une  substance  qui 
diffdre  du  platine,  et  qui  pr^sente,  lorsqu'elle  est  a  I'^tat  metallique,  une  grande 
resistance  k  Taction  des  addes. 
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The  same  day  that  Descotils  spoke  before  the  Institute,  a 
second  paper  on  the  same  subject  was  presented  by  Fourcroy 
and  Vauquelin.  After  extracting  the  platinum  from  the  ore 
by  aqua  regia,  they  fused  the  residue  with  potash  and  then 
treated  it  with  acid.  These  chemists  noticed  that  the  potash 
was  colored  orange-yellow,  but  ascribed  it  to  the  presence  of 
chromium.  They  thus  missed  the  discovery  of  ruthenium, 
which  was  to  be  separated  several  decades  later  by  Glaus. 
They  noticed  also  on  one  occasion  that  the  black  powder 
which  consisted  of  iridium  and  allied  metals,  was  apparently 
volatile,  not  recognizing  osmium,  the  cause  of  the  phenomenon. 
In  their  second  memoir  they  had  iridium  fairly  pure,  and  they 
too  noticed  the  rose  color  of  the  double  salt,  but  did  not  inves- 
tigate the  cause,  which  is  the  presence  of  rhodium. 

It  was  reserved  for  Tennant  the  following  year  to  describe 
clearly  the  separation  of  iridium  and  osmium  from  the 
platinum  residues,  and  to  name  the  one  from  the  many  diflFer- 
ent  colors  through  which  its  chlorids  pass,  and  the  other  from 
the  intolerable  odor  of  its  tetroxid,  OsO^. 

This  osmium  contained  ruthenium  but  this  was  overlooked 
by  Tennant,  as  it  had  been  by  Fourcroy  and  Vauquelin.  A 
few  5'ears  later  Vauquelin'  notes  that  osmium  solutions  give  a 
beautiful  blue  color  when  reduced  by  zinc,  this  being  a  char- 
acteristic reaction,  not  of  osmium  but  of  ruthenium.  At  a 
still  later  date  Berzelius  noticed  the  orange  color  of  the  fusion 
of  ruthenium  with  potash  and  saltpeter,  but  he  attributed  it 
to  iridium. 

It  was  in  1828  that  the  next  effort  was  made  to  add  to  the 
number  of  the  platinum  metals.  Professor  Osann,  of  the 
University  of  Dorpat,  announced*  the  discovery'  of  a  new 
metal  in  the  platinum  residues.  He  obtained  long  reddish 
prisms.  wi>h  ^:gn  luster,  which  were  easily  volatile  and  which 
jberzelius  pronounced  to  be  new.  He  had  only  0.3  gram,  and 
never  obtained  any  more.  The  metal  in  these  crystals  he 
named  ruthenium.  They  may  have  been  an  impure  mixture 
of  the  tetroxids  of  ruthenium  and  osmium.  In  the  next 
volume  of  the  Annalen^  he  transfers  the  name  ruthenium  to 

I  Ann,  de  Chim.,  89,  241  (1814). 

a  Ann.  der  Phys.  (Pogg.),  13,  287  {1828). 

•  Ibid.,  14,340(1828). 
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another  new  metal  with  a  golden  luster,  and  at  the  same  time 
he  mentions  two  other  new  metals,  pluran^  named  from  pi 
(atina)  and  ur  (al),  which  is  not  further  described,  and  polin 
{noXios,  g^ay),  a  g^ay  metal  of  whose  independent  existence 
he  seems  to  have  some  doubt.  Polin  was  impure  iridium  with 
perhaps  some  ruthenium  ;  pluran  was  quite  possibly  a  mixture 
containing  some  ruthenium  ;  the  following  year'  Osann  ac- 
knowledged the  metal  to  which  the  name  ruthenium  had  been 
given,  to  be  a  mixture  of  the  oxids  of  titanium,  zirconium, 
and  silicon. 

Fifteen  years  pass  and  there  appears  at  the  University  of 
Kazan,  almost  on  the  far  eastern  frontier  of  Russia,  a  chemist, 
Claus,  who  is  destined  to  make  greater  contributions  to  the 
chemistry  of  the  platinum  metals,   not  only  than  those  who 
had  preceded  him,  but  than  anj'  one  of  those  who  have  lived 
in  the  nearly  forty  years  since  his  death.     Claus  was  fortunate 
in   having  at   his  disposal  an  almost  unlimited  quantity  of 
platinum  residues,  from  the  stock  which  had  accumulated  at 
St.  Petersburg  during  the  period  of  the  coinage  of  platinum. 
In  spite  of  no  inconsiderable  effort,  I  have  failed  to  verify 
the  tradition  that  the  great  mass  of  these  residues  was  sunk  in 
the  Neva,  to  prevent  their  use  in  debasing  the  coinage,  and  I 
am  inclined  to  think  that  the  greater  portion  was  distributed 
to   chemists,    of  which   Claus   received    by   far    the    largest 
share.     In   his  first  publication,*  Claus   announces   the  dis- 
covery of  a  new  metal,  which  he  calls  ruthenium,  for  the  pur- 
pose of  honoring  Osann,  whose  ruthenium  had  failed  to  prove 
itself  an  element.     It  may  be  mentioned  that  Osann  hardly 
appreciated  the  compliment,  for  he  attacked  Claus  with  con- 
siderable asperity,  accusing  him  of  claiming  to  discover  what 
Osann  himself  had  discovered.     To  an  impartial  critic  Osann 
wholly  fails  to  make  out  his  case.     For  nearly  twenty  years 
Claus  continued   his  work,  and  his  greatest  service  was  in 
definitely   settling   the  position  of   the  six   platinum   metals 
among  the  elements.'     He  was  the  first  who  clearly  showed 
that  these  six  metals  belong  in  a  group  by  themselves.    Up  to 
this  time  many  had  held  that  platinum  belonged  wath  gold, 

1  Ann.  dcr  Phys.  (Pogg.).  «5.  158  (1829). 
«  Bull.  Akad.  St.  Pctersb.  3,  38  (1845). 
•  Idtd.  [2],  a,  160(1860). 
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palladium  with  silver,  and  ruthenium  with  tin.'  He  then 
arranges  the  elements  in  three  pairs  and  in  two  series*  as  we 
find  them  in  every  table  to-day.  He  also  speaks  of  ruthenium 
and  osmium  being  especially  close  to  iron,  an  analogy  hardly 
acknowledged  even  after  the  periodic  tables  of  different  chem- 
ists had  appeared.  He  adds  that  while  platinum  is  not  in  the 
group  with  gold,  it  is  closely  related  to  it. 

Since  the  time  of  Claus  no  new  metals  have  been  found  in 
platinum  ore  or  belonging  to  the  platinum  g^oup,  which  have 
been  generally  acknowledged  as  elements.  Several  chemists 
have,  however,  found  what  they  have  believed  to  be  new  ele- 
ments, but  the  quantity  has  generally  been  so  small -that  their 
verification  has  been  impossible.  In  1852  Genth'  found  two 
grains  of  a  white  metal  in  platinum  from  California  gold.  Its 
properties  were  unlike  those  of  any  known  element. 

In  1862  Dr.  C.  F.  Chandler*  described  a  new  metal  in 
native  platinum  from  Rogue  River,  Oregon  ;  this  possessed 
properties  very  similar  to  those  described  by  Genth,  and 
Chandler  concludes  that  his  metal  is  probably  identical  with 
that  found  by  Genth. 

In  1869  Guyard  discovered  a  metal  in  Russian  platinum 
which  he  described  ten  years  later,*  and  called  ouralium.  It 
resembles  platinum  but  is  softer  and  has  an  atomic  weight  of 
187.5.  Its  chief  difference  from  platinum  is  that  when  fused 
with  potassium  cyanide,  the  melt  is  orange.  This  work  of 
Guyard' s  has  never  been  confirmed. 

In  1877  Sergius  Kern®  announced  the  discovery  of  a  new 
metal  in  platinum  residues  with  atomic  weight  of  154,  to 
which  he  gave  the  name  of  davyum.     This  has  not  only  not 

1  L,oc.  cit.  '*  Es  ist  nicht  zu  leugnen,  das  in  Beziehung  einiger  weniger  Higen- 
schaften  sich  solche  Analogien  aufstellen  lassen,  allein  ich  habe  Gnind  diesen  nur 
einen  geringeu  Wcrth  lieizumesseii,  und  schliesse  mich  daher  entschieden  deiu  ersten 
Theile  der  Anschauungsweise  der  Verfasscr  an,  indem  ich,  wie  ich  mich  auch  bisher 
ausgesprochen  habe,  die  Platinnietalle  alle  fUr  Glieder  einer  untrennbaren,  wohl- 
begriindeten  Metallgnippe  halte." 


2  r   Principal 

+  end        J      Series.  Os. 

of  the  hori-    j  Secondary     p^~ 
zontal  series.  [      Series. 


J'-_i_«^  'lif  on 

Rh.     I     Pd.       8g(.o„t 


-  end 
_        .    the  hori- 
Rh.         Pd.     '  5  r>*  j  zontal  series. 


8  Proc.  Acad.  Sci.  Phil.,  9,  209  (1852)  ;  Am.  J.  Sci.  [2],  15,  446  (1853), 

*  Am.  J.  .Sci.  [2],  32,  351  (1862). 

6  Monit,  Scient.  [3],  9,  795  (1879). 

«  Chem.  News,  36,  4,  92,  114.  155,  164  (1877):  37,  65  (1878). 
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been  confirmed  but  recently  Mallet'  has  gone  over  the  whole 
ground  with  great  care,  and  has  shown  that  in  all  probability 
Kern's  davyum  is  a  mixture  of  iridium  with  rhodium  and  a 
little  iron.  Mallet  obtained  a  residue  in  much  the  same  way 
as  Kern  with  similar  properties  and  atomic  weight,  but  proved 
it  to  be  a  mixture.  This  is  the  more  significant  since  154 
would  be  about  the  anticipated  atomic  weight  of  a  metal  lying 
between  the  lighter  and  heavier  metals  of  the  group. 

The  great  influence  of  one  of  the  metals  of  this  group  upon 
the  properties  of  another,  even  if  present  in  but  small  quanti- 
ties, has  already  been  alluded  to.  It  has  been  long  known  and 
a  very  considerable  series  of  experiments  on  this  point  is 
described  by  Claus.*  Nevertheless  it  remains  true  that  a  good 
proportion  of  the  workers  on  these  metals  have  for  a  time  at 
least  supposed  themselves  discoverers  of  new  elements.  We 
may  say,  however,  that  not  yet  is  there  any  reliable  evidence  of 
any  new  metal  between  the  two  series,  that  is,  with  an  atomic 
weight  of  about  150  ;  nor  has  there  been  any  trace  of  eka- 
manganese,  with  its  atomic  weight  of  100,  and  which  some 
chemists  would  expect  to  find  resembling  the  platinum  metals 
in  its  properties. 

It  is  by  no  means  impossible  that  new  metals  may  be  dis- 
covered in  this  group,  but  the  fact  that  in  more  than  half  a 
century,  no  confirmed  discovery  of  such  has  taken  place,  and 
that  had  it  not  been  for  a  misinterpretation  of  reactions  by 
which  ruthenium  was  overlooked,  we  might  say  that  it  lacked 
but  three  years  of  a  century  since  a  new  metal  has  been  dis- 
covered, is  not  calculated  to  give  us  much  encouragement. 
There  does  indeed  seem  according  to  the  periodic  table  to  be 
a  place  for  three  metals  of  atomic  weight  near  150,  but  it 
hardly  seems  probable  that  such  occur  in  any  of  the  known 
platinum  ores  which  have  been  so  thoroughly  investigated, 
unless  it  be  in  extremely  minute  quantity.  There  is,  however, 
always  the  possibility  of  the  discovery  of  new  platinum  ores, 
differing  in  character  from  those  now  known,  which,  whether 

1  Am.  Chcm.  J.,  ao,  776  (1898). 

2  C.  Claus  :  Beitrage  zur  Chemie  der  Platinmetalle,  Dorpat,  1854.  chap.  iv.  Modi- 
ficationen,  welche  die  urspriinglichen  Reactionen  der  einzelnen  Platinmetalle  durch 
Beimengungen  der  tibrigen  Metalle  aus  dieser  Gruppe  erfahren,  p.  42, 


96  SECTION   C. 

from  the  Ourals,  or  Colombia,  or  from  the  Pacific  coast,  are 
approximately  the  same  in  composition. 

We  have  seen  that  nearly  half  a  century  ago,  it  was  clear  to 
Claus  that  iron,  ruthenium,  and  osmium  belonged  in  a  g^oup 
together.  It  was  later  easily  recognized  that  cobalt,  rhodium, 
and  iridium  furnished  a  second  triad,  while  nickel,  palladium, 
and  platinum  must  also  be  grouped  together.  The  analogies 
between  the  three  metals  of  each  of  these  groups  is  too  patent 
to  require  discussion,  though  incidentally  we  shall  have  occa- 
sion to  recur  to  it.  When  the  elements  were  arranged  in  the 
first  periodic  tables,  these  metals  did  not  fall  into  orderly 
arrangement ;  as  late  as  1878  the  atomic  weight  of  osmium 
was  considered  greater  than  that  of  iridium,  platinum,  or  even 
gold,  while  gold  was  given  a  weight  less  than  that  of 
iridium  or  platinum  Cobalt  and  nickel  on  one  hand  and  irid- 
ium and  platinum  on  the  other  were  considered  to  have  an 
identical  atomic  weight.  The  seeming  impossibility  of  recon- 
ciling these  nine  metals  with  the  periodic  law  is  undoubtedly 
the  reason  why  they  were  thrown  out  in  a  single  group ; 
dumped  into  a  chemical  Gehenna  as  it  were,  while  the  rest  of 
the  elements  were  reduced  to  orderly  arrangement.  Lothar 
Meyer,  however,  saw  that  there  was  a  possibility  that  these 
elements  also  might  be  amenable  to  system,  and  under  his 
direction  Carl  Seubert  began  the  revision  of  the  atomic  weight 
of  iridium.'  This  he  found  to  be  more  than  four  units  less 
than  the  figure  formerly  used,  and  now  the  order  of  these 
elements  appeared  to  be  iridium,  gold,  platinum,  osmium. 
Three  years  later  Seubert*  revised  the  atomic  weight  of  plati- 
num, finding  it  lower  than  that  of  gold,  and  this  work  was 
confirmed  by  Halberstadt,'  and  by  Dittmar  and  McArthur.* 
The  only  anomaly  in  these  four  metals  now  was  in  osmium 
and  this  also  was  resolved  by  Seubert,*  who  found  that  the  old 
value  of  Berzelius  and  Fr6my  was  about  eight  units  too  high, 
and  that  so  far  from  having  an  atomic  weight  greater  than 
that  of  gold,  osmium  in  reality  has  the  lowest  atomic  weight 

1  Inaug.  Diss.,  Tiibingen,  1879. 

2  Ber.  d.  chem.  Ges.,  14,  865  (1881). 
«  Ibid.,    17,  2962  (1884). 

4  J.  Soc.  Chera.  Ind.,  6,  799  (1887). 
6  Ber.  d.  chem.  Ges.,  ai,  1839  (1888). 
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of  the  four  metals.  This  revision  was  justly  accounted  a 
great  triumph  for  the  periodic  law. 

As  with  the  other  metals,  so  also  much  doubt  existed  as  to 
the  atomic  weights  of  rhodium  and  ruthenium,  but  the  work 
of  Seubert  and  of  Joly,  while  changing  somewhat  the  older 
figures,  confirmed  the  order  given  in  Meyer's  table.  Much 
woik  has  been  done  on  palladium  by  Keiserand  by  Keller  and 
Smith  in  this  country,  by  Bailey  and  Lamb  and  by  Joly  and 
Leidi^  abroad.  The  figures  for  platinum  and  palladium  repre- 
sent a  much  greater  degree  of  accuracy  than  those  for  the 
other  four  platinum  metals.  Indeed  it  must  be  said  that  little 
accuracy  can  be  claimed  for  the  present  figures  of  rhodium 
and  iridium,  and  certainly  those  of  ruthenium  and  osmiuxn 
cannot  be  depended  on  more  closely  than  half  a  unit. 

In  the  case  of  the  three  other  metals  of  this  group,  the 
atomic  weight  of  iron  has  been  well  determined,  but  is  now 
being  subjected  to  a  most  careful  examination  in  the  labora- 
tory of  Professor  Theodore  Richards.  As  was  supposed  a  few 
years  ago  to  be  the  case  with  iridium  and  platinum,  so  cobalt 
and  nickel  were  thought  to  have  the  same  atomic  weight. 
Then  Lothar  Meyer  showed  that,  judged  by  their  properties, 
nickel  should  follow  cobalt  in  the  periodic  system  and  hence 
have  the  higher  atomic  weight.  Revisions  of  these  metals 
followed,  but  the  more  accurate  the  work,  the  more  probable 
it  appeared  that  the  atomic  weight  of  nickel  is  below  that  of 
cobalt.  It  was  suggested  that  nickel  was  quite  possibly  a 
mixture  and  efforts  were  made  to  resolve  it  into  its  constituents. 
In  this  connection  will  be  recalled  the  efforts  of  Gerhardt 
Kriiss  to  decompose  nickel,  in  which  for  some  time  he  thought 
he  had  been  successful  and  christened  the  new  metal  gnomium. 
But  like  so  many  other  aspirants  for  chemists'  favor, 
gnomium  proved  to  be  but  a  mixture.  The  latest  work  on 
these  metals  by  Richards  and  Cushman  and  Baxter,  far  sur- 
passing all  that  has  previously  been  done,  confirms  the  higher 
atomic  weight  of  cobalt,  and  lends  no  support  to  the  view  that 
nickel  is  anything  but  a  simple  element. 

Here  we  meet  apparently  one  of  those  chemical  mysteries, 
which  seem  to  baffle  our  attempts  at  solution.  We  are  not 
permitted  to  doubt  the  correctness  of  the  general  principles  of 
7 
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the  periodic  system,  and  yet  here,  and  the  case  is  perhaps  not 
unique,  two  elements  seem  to  have  exchanged  places.  When 
we  know  why  the  properties  of  an  element  are  a  function  of 
its  atomic  weight,  we  shall  perhaps  come  to  understand  why 
the  atomic  weight  of  nickel  is  not  greater  than  that  of  cobalt. 
If  the  chemical  study  of  these  metals  all  supports  the  con- 
ception of  their  elementar}''  nature,  an  examination  of  the 
spectrum  of  nickel  and  of  cobalt,  and  particularly  of  iron 
forces  upon  us  the  thought  of  the  complexity  of  the  atom. 
If  each  line  of  the  spectrum,  representing  the  vibration  of  a 
certain  wave  length,  is  occasioned  by  a  corresponding  vibration 
of  the  atom,  it  becomes  difl&cult  for  us  to  conceive  of  so  many 
hundred  simultaneous  vibrations  of  a  simple  atom,  a  great 
share  of  which  stand  in  no  apparent  harmonic  relation  to  each 
other.  It  has  been  suggested  that  it  is  by  a  study  of  the 
spectroscopic  portrayal  of  atomic  vibration  we  may  hope  to  gain 
the  most  complete  knowledge  of  the  dynamical  character  of  the 
atom,  but  it  must  be  remembered  that  with  the  spectroscope 
we  study  the  motion  of  the  atom  at  a  high  temperature,  where 
vibration  apparently  overcomes  in  most  instances  chemical 
aflSnity  ;  a  knowledge  of  the  atom  at  this  temperature  may 
give  us  no  hint  whatever  as  to  the  nature  of  the  atom  at  lower 
temperatures,  even  as  the  spectrum  of  the  same  element  may 
change  with  varying  temperature.  While  we  might  thus  con- 
jecture that  perhaps  by  some  process  of  careful  and  refined 
fractionation,  it  might  be  possible  to  resolve  iron  into  a  series 
of  meta-elements  with  nearly  the  same  atomic  weight,  we  are 
met  by  the  fact  that  complex  though  it  is,  we  find  not  only  the 
same  spectrum  for  iron  w^hatever  its  terrestrial  source,  but  that 
the  spectrum  of  siderial  iron,  from  meteorite,  from  sun,  from 
star,  gives  us  no  evidence  of  any  variation  in  the  composition 
of  iron.  We  are,  I  think,  justified  in  concluding  that  the  nine 
metals  of  the  eighth  group  fulfil  every  definition  of  an  element, 
and  that  they  are  just  as  much  to  be  looked  upon  as  simple 
elementary  substances  as  any  of  those  substances  which  we 
call  elements  ;  and  further  that  while  refined  determinations 
may  change,  to  a  slight  extent,  the  atomic  weight  of  some  of 
these  elements,  especially  those  of  ruthenium  and  osmium, 
we  may  expect  the  weight  of  these  elements  relative  to  each 
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other,  and  hence  their  position  in  the  periodic  system  to  re- 
main unchanged.  This,  of  course,  carries  with  it  the  conclu- 
sion that  in  the  periodic  table  an  element  may  have  an  atomic 
weight  slightly  lower  than  that  of  the  element  which  precedes 
it.  I  have  discussed  this  possibility  briefly  elsewhere,*  and 
will  only  add  that  seeming  exceptions  to  accepted  laws,  instead 
of  overthrowing  the  law,  often  serve  to  broaden  our  conception 
of  the  law  itself. 

Before  considering  some  of  the  compounds  of  the  metals  of 
the  eighth  g^oup,  attention  must  be  called  to  the  phenomenon 
exhibited  by  several  of  these  metals,  and  particularly  by  palla- 
dium, of  condensing  hydrogen  and  other  gases  upon  their  sur- 
face. The  first  observation  in  this  connection  seems  to  have 
been  that  of  Sir  Humphry  Davy,'  who  in  1817  showed  the 
Royal  Society  how  a  warm  platinum  wire,  plunged  into  the 
vapor  of  alcohol  or  ether  or  certain  other  inflammable  gases, 
became  incandescent,  and  continued  to  glow  as  long  as  kept  in 
the  vapor,  causing  an  oxidation  of  the  gas  and  in  some 
mixtures  even  an  explosion.  This  phenomenon  attracted 
great  attention  on  the  part  of  chemists  and  many  were  the  dis- 
cussions over  this  lamp  **  without  a  flame"  or  Davy's  "  a- 
phlogistic  lamp"  as  it  was  called.  It  was  soon  after  noticed  by 
Edmund  Davy'  that  the  platinum  reduced  from  solution,  now 
called  platinum  black,  but  then  platinum  suboxid,  is  especially 
active  and  can  oxidize  alcohol  to  acetic  acid.  In  1823 
Dobereiner  announced*  that  platinum  black  and  platinum 
sponge,  when  held  in  a  stream  of  hydrogen,  ignite  the  gas  and 
that  the  hydrogen  is  absorbed  by  the  platinum.  This  was  the 
origin  of  Dobereiner' s  hydrogen  lamp,  regarding  which  he 
writes  under  date  of  Aug.  5,  1823:  "You  have  doubtless 
guessed  before  this  that  I  have  already  utilized  this  new  obser- 
vation (of  the  heating  effect  of  the  condensation  of  hydrogen) 
for  the  preparation  of  a  new  Feuerzeug  and  a  new  lamp,  and 
that  I  shall  put  it  to  many  other  important  uses."*  The  inter- 
est which  attached  to  this  discovery  of  Dobereiner' s  can   be 

I  Chem.  News,  80,  74  (1899). 
»  Phil.  Trans.,  107,  77  (1817). 
>  Ibid.,  1x0,  108  (1820). 

*  J.  fiir.  Chem.  (Schwcigger),38,  321  (1823). 

*  I«ocdt. 
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judged  by  the  fact  that  in  the  literature  of  the  decade  follow- 
ing are  found  over  fifty  references  to  the  subject.  Little 
attention  was,  however,  paid  to  the  similar  action  of  palladium 
upon  combustible  gases,  although  the  phenomenon  had  been 
noticed,  until  in  1868,  half  a  century  subsequent  to  Davy*s 
first  observation  on  platinum,  Graham  presented  to  the  Royal 
Society  his  remarkable  paper  on  the  occlusion  of  hydrogen 
by  metals,*  followed"  the  next  year  by  his  papers  on  the  relation 
of  hydrogen  to  palladium,'  and  additional  observations  on 
hydrogenium." 

Graham's  view  that  the  hydrogen  is  present  in  solid  form 
as  a  metal  and  that  the  palladium  saturated  with  hydrogen 
must  be  looked  upon  as  an  alloy,  was  received  with  consider- 
able dissent.  The  work  of  Troost  and  Hautefeuille*  tended  to 
the  view  that  the  substance  is  a  definite  compound,  Pd,H. 
Against  this  is  the  fact  that  the  conductivity  of  palladium  is 
but  slightly  reduced  by  the  occlusion  of  hydrogen.  Calcula- 
lations  of  the  specific  gravity  of  Graham's  hydrogenium  by 
Dewar  gave  the  number  0.62  and  the  same  figure  is  obtained 
for  the  hydrogen  in  hydrids  of  sodium  and  potassium,  studied 
by  Troost  and  Hautefeuille.  The  recent  determinations  of 
the  specific  gravity  of  liquid  hydrogen  by  Dewar,  however, 
show  a  figure  only  about  one-ninth  of  the  density  of  occluded 
hydrogen,  so  that  the  question  as  to  the  nature  of  the  hydro- 
gen condensed  by  the  palladium  and  platinum  remains  still 
unsettled.  The  other  metals  of  the  group  possess  this  prop- 
erty to  some  considerable  degree,  but  much  less  than  is  the 
case  with  palladium  and  platinum.  In  this  connection  it  is 
interesting  to  note  that  one  of  the  earliest  papers  of  Dewar 
was  on  the  motion  of  a  palladium  plate,  during  the  formation 
of  Graham's  hydrogenium.* 

Reference  has  been  made  to  the  natural  grouping  of  the  ele- 
ments of  the  eighth  group  into  three  triplets,  iron,  ruthenium, 
osmium  ;  cobalt,  rhodium,  iridium  ;  and  nickel,  palladium, 
platinum.     That  this  is  a  natural  grouping  is  attested  by  a  com- 

t  Proc.  Roy.  Soc.,  16,  422  (1868). 

2  Ibid.,  17,  212  (1869). 

«  Ibid.,  17,  300  (1869). 

4  Compt.  rend.,  78,  686,  968  (1874);  80,  788  (1875). 

6  Proc.  Roy.  Soc.  .Ediiib.,  6,  504  (J869). 
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parison  of  the  compounds  of  these  metals.  However,  in  con- 
sidering now  some  of  these  compounds  the  evidence  of  this 
grouping  is  only  incidentally  presented  ;  I  desire  chiefly  to 
call  attention  to  some  of  the  more  unusual  of  these  compounds, 
especially  with  reference  to  problems  which  this  g^oup  pre- 
sents, and  to  problems  of  other  groups,  suggested  by  the 
chemistry  of  this  group. 

The  position  of  an  element  in  the  periodic  system  is,  to  a 
very  considerable  extent,  determined  by  its  oxids,  and  that  too 
by  its  highest  oxids,  excluding  the  peroxids  of  the  hydrogen 
peroxid  type  ;  a  considerable  number  of  these  last  have  been 
studied  especially  by  MelikofT  and  Pissarjewsky  of  Odessa,  but 
their  character  still  presents  many  points  of  obscurity  and  can- 
not be  used  with  reference  to  the  periodic  law.  The  triplet 
iron,  ruthenium,  osmium,  presents  the  highest  oxids  of  the 
eighth  g^oup,  and,  as  is  the  case  with  other  divisions  of  this 
group,  an  increasing  stability  of  the  higher  oxids  with  increas- 
ing molecular  weight.  The  type  of  salts  of  the  acid-forming 
oxids  FeO„  RuO,,  OsO,,  occurs  in  this  group,  as  in  the  posi- 
tive series  of  the  elements  of  the  sixth  and  seventh  groups  ; 
mz. ,  CrO, MbO„  W0„  U0„  MnO,.  This  typeis  not  represented 
in  the  second  or  third  triplet  of  group  eight.  Potassium 
ferrate,  K,FeO^,  exists  only  in  solution  and  is  very  unstable; 
potassium  ruthenate,  K,RuO^  is  stable  when  dry  but  slowly 
decomposes  when  in  solution  ;  potassium  osmate,  K,OsO,,  on 
the  other  hand,  has  a  very  considerable  degree  of  stability.  Of 
the  lower  base-forming  oxids,  iron  has  not  only  the  sesquioxid, 
Fe,0,,  and  monoxid,  FeO,  but  also  several  intermediate  oxids 
which  may  be  looked  upon  as  merely  compounds  of  these  two — 
such  is  magnetite.  In  the  case  of  ruthenium,  the  sesquioxid, 
Ru,0„  seems  to  be  what  one  might  call  the  normal  base- 
forming  oxid.  The  different  conditions  which  occasion  the 
formation  of  the  lower  oxids  of  osmium  are  ill  known,  though 
several  different  oxids  seem  to  exist,  as  OsO,  Os,0,,  and  OsO,. 
Much  more  interest,  however,  attaches  to  the  tetroxids  of  ru- 
thenium and  of  osmium,  RuO^  and  OsO^,  which  are  the  high- 
est volatile  oxids  of  any  known  element.  The  almost  intoler- 
able odor  of  osmium  tetroxid  incited  Tennant,  in  1803,  to  give 
its  name   to  this  element,    while*  ruthenium    tetroxid,   first 
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noticed  by  Claus,  has,  if  not  too  concentrated,  a  rather  fresh 
pleasant  odor,  with  just  a  suspicion  of  the  smell  of  ozone,  due 
probably  to  the  formation  of  ozone  in  the  decomposition  of  the 
oxid.  As  far  as  physical  properties  go,  these  oxids,  while 
solid  at  ordinary  temperature,  melt  easily  and  can  be  distilled. 
Ruthenium  tetroxid  is,  however,  far  less  stable  than  the  corre- 
sponding osmium  oxid,  for  it  decomposes  slowly  at  ordinary 
temperature,  and  explodes  with  great  violence  if  heated  much 
above  105°.  On  one  occasion  Deville  and  Debray*  attempted 
to  distil  a  hundred  and  fifty  grams  of  ruthenium  tetroxid,  and 
when  the  temperature  reached  a  little  above  100°,  the  whole 
mass  exploded  with  terrific  violence,  filling  the  laboratory  with 
a  dense  sooty  smoke.  In  a  recent  similar  explosion  in  my 
own  laboratory,  occasioned  by  the  contact  of  a  little  alcohol 
with  ruthenium  tetroxid,  but  happily  on  a  much  smaller  scale 
than  that  of  Deville  and  Debray,  this  black  soot  was  found  to 
be  readily  soluble  in  hydrochloric  acid.  This  is  unexpected,  as 
all  the  anhydrous  lower  oxids  of  ruthenium  are  insoluble  in 
acids,  and  from  its  method  of  formation  the  black  substance 
could  hardly  be  anything  other  than  an  anhydrous  oxid  or  the 
metal  itself.  Osmium  tetroxid  is  commonly  known  as  osmic 
acid,  but  as  a  fact  these  tetroxids  are  neither  acid- forming 
oxids  nor  are  they  peroxids  in  the  ordinary  acceptance  of  the 
term.  When  treated  with  an  alkali,  we  have  a  gradual  reduc- 
tion with  formation  of  perruthenate  and  ruthenate,  or  of 
osmate. 

Turning  to  the  third  triplet,  we  have  the  monoxid  of  nickel 
well  characterized,  and  it  is,  we  may  say,  the  only  well-char- 
acterized oxid  of  the  metal,  for  though  higher  hydrated  oxids 
of  nickel  exist,  and  perhaps  anhydrous  oxids  also,  their  com- 
position is  not  definitely  known.  With  palladium  and  plati- 
num also  monoxids  seem  to  exist  and  dioxids  as  well  (PdQ, 
and  PtO,).  Platinum  dioxid  may  be  looked  upon  as  being 
perhaps  a  very  weak  acid-forming  acid.  While  nickel  forms 
practically  only  the  monoxid  NiO,  and  iron  forms  from  choice, 
as  we  might  say,  thesesquioxid,  Fe,0„  the  intermediate  metal 
cobalt,  while  forming  most  generally  the  monoxid,  is  easily 
oxidized  to    the  sesquioxid,  Co,0,,  and  thus  cobalt  may  be 

I  Ann.  chim.  phys.  [5],  4,  537  (1875). 
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considered  in  its  relations  to  oxygen,  as  intermediate  between 
nickel  and  iron.  Similarly  in  the  case  of  rhodium  and  iridium, 
there  is  a  strong  tendency  to  form  the  sesquioxid,  so  that  this 
middle  triplet  is  intermediate  between  'the  other  two  triplets  of 
the  g^oup.  As  a  whole,  there  is  a  large  field  at  hand  in  a 
revision  of  the  oxids  of  this  group,  especially  those  of  the 
first  triplet. 

The  same  may  be  said  even  more  emphatically  of  the  sulfids. 
Those  of  iron,  cobalt,  and  nickel  are  fairly  well  investigated, 
but  of  the  remainder,  comparatively  little  is  known  except  the 
somewhat  exhaustive  work  of  Schneider  on  the  thioplatinates 
and  thiopalladates.  After  a  very  considerable  amount  of  work 
upon  the  sulfids  of  ruthenium,  I  have  come  to  distrust  about 
all  that  has  been  published  and  to  have  nothing  definite  to  add 
myself.  The  precipitates  with  hydrogen  sulfid  from  ruthe- 
nium solutions  (RuCl,)  contain  apparently  considerable  free 
sulfur,  but  oxidize  very  rapidly  with  formation  of  sul- 
furic acid  on  drying,  making  their  composition  very  diflS- 
cult  of  determination.  From  ruthenate  solutions  a  sulfid 
is  precipitated  which  seems  to  have  the  formula  RuS,,  but 
there  is  no  assurance  that  a  part  of  the  sulfur  may  not  be  free 
and  not  combined. 

Of  all  the  compounds  of  the  metals  of  the  eighth  group, 

by   far   the   best  investigated  are   those   with  the  halogens, 

and   upon  our  knowledge   of  these   rests    the    greater    part 

of  our  chemical  knowledge   of  the   platinum    metals.      Yet 

here  again  our  knowledge  is  wholly  inadequate.     If  we  except 

the  work  done  under  Wohler'  s  direction  by  Oppler  and  Birnbaum 

on  the  bromids  and  iodids  of  iridium,    that  by  Topsoe  on  the 

bromids  and  iodids  of  platinum,  we  may  say  that  very  little  is 

"known  of  any  halids  of  this  group  except  the   chlorids.     In 

some  instances,  as  with  ruthenium,  even  the  chlorids  are  very 

unsatisfactorily  known.    Of  nickel  we  know  only  the  bichlorid, 

NiCl, ;    of  cobalt  the   only  stable  chlorid    is   the    bichlorid, 

CoCl,,  but  the  trichlorid,    CoCl,,  seems  capable  of  existence 

in  solution;  of  iron,   the  ferric  chloride,   FeCl,,  is  the  stable 

compound,  into  which  the  ferrous  chloride,   FeCl,,  is  readily 

oxidized.     Here  again  the  intermediate  position   of  cobalt   is 

apparent.     There  is  a  strong  tendency  on  the  part  of  all  these 
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chlorids  to  form  double  salts,  of  which  we  have  examples  in 
K,FeCl„3H,0,  K,FeCl„  and  Rb.FeCl..  These  salts  seem 
to  be  broken  up  in  solution,  and  the  chlorin  can  be  pre- 
cipitated by  silver  nitrate.  Turning  to  the  halogen  com- 
pounds of  the  platinum  metals,  we  find  double  salts  of  a  very 
different  character.  The  common  types  for  platinum  and 
palladium,  for  example,  are  K,PtCl,  and  K,PtCl,.  This 
latter  type  seems  also  to  be  known  for  all  platinum  metals 
except  rhodium.  Osmium,  iridium,  and  rhodium  present  also 
the  type  K,OsCl«,  while  ruthenium  and  rhodium  also  form 
salts  of  the  type  K,RhClj.  The  most  important  feature  of 
these  salts  is  that  they  are  not  decomposed  when  dissolved  in 
water,  silver  nitrate  precipitating  not  silver  chlorid  alone,  but 
the  double  chlorid  of  the  metal  and  silver ;  that  is,  for 
example,  when  K^PtCl^  is  dissolved  in  water,  it  is  electrolyt- 
ically  dissociated,  K  being  the  positive  ion,  while  the  negative 
ion  is  the  group  PtCl,.  The  platinum  metal  then  in  these 
salts  is  a  part  of  the  negative  ion.  Double  salts  of  this  class 
are,  of  course,  well  known,  but  nowhere  are  they  developed 
to  the  same  extent  as  in  the  eighth  group,  indeed  double  salts 
of  several  acids  are  found  among  no  other  metals.  The  ques- 
tion may  be  fairly  raised  among  the  platinum  metals  as  to 
whether  there  is  any  salt  which  is  electrolytically  dissociated 
giving  the  platinum  metal  as  the  positive  ion. 

The  chlorids  of  ruthenium  furnish  an  instructive  illustration 
of  the  difficulties  which  may  arise  in  getting  complete  knowl- 
edge of  chemical  facts  as  to  what  would  naturally  be  con- 
sidered simple  substances.  As  we  have  se^n,  Claus  discovered 
ruthenium  in  1844.  He  obtained  two  chlorids  or  rather  double 
chlorids,  the  one  K,RuClj  and  the  other  K,RuCl„  the  former 
corresponding  to  the  type  found  in  osmium  and  rhodium,  the 
latter  that  found  in  platinum  and  palladium  as  well  as  iridium 
and  osmium.  In  describing  this  latter  salt,  Claus  shows  that  it 
was  in  the  hands  of  Berzelius  and  probably  in  a  pretty  pure 
state,  but  that  that  chemist  thought  it  to  be  an  iridium  salt. 
Berzelius  was  not  convinced,  and  in  the  "  Handworterbuch  der 
reinen  und  angewandten  Chemie,"  edited  by  Liebig,  Poggen- 
dorff  and  Wohler,  the  work  of  both  Berzelius  and  Claus  is 
given.     This  was  naturally  somewhat  irritating  to  Claus  and 
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he  writes:'  **Even  if  reverence  for  the  great  authprity  of  the 
great  chemist  (Berzelius)  should  seem  to  justify  such  a 
course,  regard  for  the  truth  of  science  should  not  have  per- 
mitted it.**  The  subject  was  now  dropped  and  for  a  third  of 
a  century  no  one  had  worked  upon  this  chlorid,  when  Pro- 
fessor A.  Joly,  of  the  I'fecole  Normale,  began  his  study  of  the 
platinum  metals,  and  much  of  the  work  of  Claus  upon  ruthe- 
nium was  revised.  Now  it  appeared  that  not  only  Berzelius, 
but  also  Claus  himself  was  mistaken,  and  what  he  had  taken 
for  a  chlorruthenate,  K,RuCl„  was  in  a  reality  a  nitroso- 
chlorruthenate ,  K,RuCl^NO.  My  own  work  of  a  little  later 
date  upon  the  chlorids  of  ruthenium  abundantly  confirmed  this. 
Many  efforts  were  made  to  prepare  a  tetrachlorid  of  ruthenium 
but  it  proved  elusive.  It  may  be  noted  in  this  connection  that 
the  cesium  and  rubidium  nitrosochlorids  exist  in  an  anhy- 
drous as  well  as  in  a  hydrated  form  and  while  the  very  easily 
soluble  hydrated  salts  lose  their  water  on  warming  the  solution, 
the  very  slightly  soluble  anhydrous  salt  being  precipitated,  the 
reverse  change  is  seemingly  impossible,  as  the  anhydrous  salt 
will  not  take  up  water  and  pass  back  into  the  hydrated  form. 
The  history  of  the  higher  chlorid  of  ruthenium  is  not  j^et 
completed.  Within  the  past  year  Professor  Ubaldo  Antony 
and  A.  Lucchesi,  of  the  University  of  Pisa,  have  described* 
the  preparation  of  the  real  tetrachlorid,  K^RuClg,  which,  like 
the  corresponding  salts  of  platinum  and  the  other  metals  of  the 
group,  crystallizes  inoctahedra.  I  have  more  recently,  by 
methods  similar  to  those  of  Antony,  prepared  the  cesium  salt, 
Cs,RuCl«,  which  also  crystallizes  in  octahedra  and  corresponds 
to  Antony's  salt;  and  I  have  also  been  fortunate  enough  to 
obtain  a  new  salt  of  a  rare  type,  lying  intermediate  between 
the  tetroxide  and  the  tetrachlorid,  Cs,RuO,ClX2CsCl,RuO,Cl,). 
Now  a  question  may  arise  here  as  to  whether  Claus  was,  after 
all,  wrong  in  believing  he  had  the  tetrachlorid.  As  the  salt 
was  commonly  made  by  Claus,  by  the  action  of  nitric  acid,  it 
was,  without  question,  a  nitrosochlorid,  and  his  description 
corresponds  completely;  but  Claus  adds  in  a  foot-note"'  that  it  is 

1  Bull.  Akad.  St.  Petersb.  (2),  1  (1S60),  108. 

>  Gazz.  chim.  ital.,  ag,  (1899). 

s  J.  prakt.  Chetii.,  39,  i,  (1H46),  96. 


I 


I06  SECTION  C. 

also  possible  to  prepare  the  salt  by  heating  the  trichlorid  with 
potassium  chlorate  and  hydrochloric  acid.  This  could  not 
give  the  nitrosochlorid,  but  while  under  these  conditions  the 
tetroxid  is  usually  formed,  it  is  possible  that  the  tetrachlorid 
may  also  have  been  formed.  In  another  place  he  speaks  of 
making  it  by  action  of  hydrochloric  acid  on  potassium 
ruthenate,  but  in  the  presence  of  saltpeter.  Except  for  this 
latter  salt,  this  is  the  method  of  Antony,  but  usually  at  least 
it  gives  the  trichlorid.  The  salt  which  Claus  generally 
describes  is  the  nitrosochlorid,  but  in  one  place*  he  says  the 
salt  seems  to  be  dimorphous,  for  after  crystallizing  out  the 
common  prismatic  crystals  (of  the  nitrosochlorid)  he,  on  one 
occasion,  obtained  large  regular  octahedra,  isomorphous  with 
tetrachlorids  of  the  other  platinum  metals.  As  the  moecullar 
weight  of  the  nitrosochlorid  is  almost  the  same  as  that  of  the 
tetrachlorid,  and  as  the  chlorin  seems  to  have  been  generally 
estimated  by  loss,  analysis  would  reveal  no  discrepancy,  but  in 
one  case  at  least,  the  chlorin  was  directly  determined,  and 
these  figures  can  be  accounted  for  only  on  the  supposition  that 
in  this  case  it  was  a  tetrachlorid  which  was  analyzed;  so  that 
it  would  seem  possible  that  Claus  actually  formed  the  tetra- 
chlorid, although  he  did  not  distinguish  it  from  the  nitroso- 
chlorid. Even  now  the  conditions  of  formation  of  the  tetra- 
chlorid are  obscure,  and  not  less  so  is  the  cause  of  a  phe- 
nomenon, noticed  first  by  Claus,  and  since  his  day  used  as  a 
test  for  the  detection  of  ruthenium,  and  which  is  familiar  to 
all  of  you  who  have  experimented  at  all  with  this  metal.  I 
refer  to  the  beautiful  indigo-blue  color  assumed  by  the  solutions 
of  ruthenium  trichlorid  when  hydrogen  sulfid  is  led  into  them. 
Since,  at  the  same  time,  sulfur  is  precipitated,  and  since  the 
trichlorid  assumes  a  blue  color  on  treatment  also  with  metallic 
zinc,*  it  was  assumed  by  Claus  that  reduction  has  taken  place 
and  hence  that  the  solution  contains  ruthenium  bichlorid, 
RuCl,.  When  ruthenium  is  heated  in  a  current  of  mixed 
chlorin  and  carbon  monoxid,  it  increases  many  times  in 
volume  and  there  is  formed  an  anhydrous  trichlorid.     This  is 

1  Bull.  Akad.  St.  Petersb.  (2),  x  (i860),  105. 

2  It  has  already  been  mentioned  that  Vauquelin  had  noticed  this  blue  color,  but 
not  knowing  of  ruthenium  had  attributed  it  to  osmium. 
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insoluble  in  water  and  in  strong  alcohol,  but  dissolves  with 
considerable  readiness  in  dilute  alcohol  to  a  similar  deep  blue 
solution.  Joly  succeeded  in  distilling  off  the  alcohol  and 
water  from  this  solution,  in  a  vacuum,  and  obtained  a  blue 
deliquescent  substance  which  he  considered  to  be  an  oxychlorid, 
RuOHCl,.  I  have  also  formed  this  blue  solution  by 
electrolytic  action,  and  while  it  seems  to  be  formed  by  a 
reducing  action,  this  is  not  perfectly  clear.  Considerable 
work  upon  this  solution,  however,  leads  me  to  agree  with 
Claus  that  it  is  probably  a  lower  chlorid  of  ruthenium,  but  it 
has  not  been  proved.  I  have  dwelt  perhaps  unduly  upon 
these  compounds  for  the  purpose  of  showing  the  obscurity  in 
which  even  such  seemingly  simple  points  are  enveloped,  for 
it  w^ell  illustrates  how  much  work  must  yet  be  done  before 
we  acquire  any  adequate  knowledge  of  the  nature  of  even  the 
commoner  compounds  and  reactions  of  these  elements. 

Of  the  simple  salts  of  oxy-acids  few  are  known  of  any  metals 
of  this  group  except  the  lower  series,  iron,  cobalt  and  nickel ; 
a  single  sulfate  of  rhodium,  one  of  palladium,  and  perhaps  a 
double  sulfate  of  platinum,  a  chromate  of  iridium,  a  basic 
carbonate  of  palladium,  two  or  three  nitrates,  a  phosphate  of 
rhodium,  and  a  hypophosphite  of  platinum  ;  such  is  practic- 
ally the  whole  list.  The  platinum  metals  have  little  tendency 
to  form  crystalline  salts  with  oxy-acids,  and  many  such  salts 
are  unquestionably  incapable  of  existence,  but  in  many  cases 
at  least  the  difficulty  is  our  ignorance  of  the  conditions  of  for- 
mation of  such  salts.  And  herein,  I  may  say,  is  one  of  the  most 
marked  differences  between  investigation  in  organic  and  in 
inorganic  chemistry.  In  the  former  the  field  has  been  so 
thoroughly  studied  that  the  conditions  of  reaction  are  often 
well  known  and  the  course  of  a  reaction  can  be  foretold  with 
considerable  certainty  ;  in  inorganic  chemistry  the  work  is 
like  exploration  in  an  almost  wholly  unknown  land.  We 
know  neither  the  possibility  of  existence  of  conjectured  com- 
pounds, nor  the  conditions  under  which  alone  such  formation 
or  existence  is  possible.  For  this  reason  inorganic  research  is 
slower  and  far  more  apt  to  be  fruitless.  No  better  example  of 
this  can  be  cited  than  the  fact  already  referred  to  that  Professor 
Joly,  as  well  as  myself,   exhausted  every  method  which  oc- 
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curred  to  us  for  the  formation  of  the  tetrachlorid  of  ruthenium, 
and  failed  in  our  efforts  by  missing  just  the  proper  conditions, 
which  happily  Professor  Antony  has  hit  upon. 

But  while  the  platinum  metals  seem  to  form  few  simple  salts, 
few  or  none  show  such  a  decided  tendency  to  form  double  and 
complex  salts,  and  this  property  is,  to  some  extent,  shared  by 
the  three  light  metals  of  the  group. 

Best  known  and  best  developed  of  these  compounds  are  the 
cyanids,  which  are  especially  familiar  to  us  in  the  prussiates  of 
iron.  In  nickel  we  have  the  ordinary  double  cyanid,  K,Ni- 
(CN),  or  2KCN,Ni(CN)„  formed  by  the  solution  of  nickel 
cyanid  in  potassium  cyanid.  As  electrolytically  dissociated, 
the  nickel  is  a  positive  ion,  and  the  double  salt  is  at  once 
broken  up  by  acids  with  the  precipitation  of  nickel  cyanid. 
The  double  cyanid  of  palladium,  K,Pd(CN)^,  is  similar  but 
less  easily  decomposed.  The  corresponding  double  cyanid  of 
platinum,  K,Pt(CN),,  is  clearly  a  salt  of  the  complex  platino- 
cyanic  (or  cyanoplatinous)  acid,  H,Pt(CN),,  which  is  formed 
on  treating  the  salt  with  a  strong  acid,  can  be  separated  in  a 
pure  condition,  and  is  an  acid  strong  enough  to  expel  h5''dro- 
chloric  acid  from  sal  ammoniac.  The  platinum  atom  is  here  a 
constituent  of  the  negative  ion,  Pt(CN)^. 

If  we  proceed  from  nickel  along  the  horizontal  series,  we 
find  that  while  a  double  cobalt  cyanid,.  K,Co(CN),or4KCN,- 
Co(CN),,  can  be  formed,  it  is  very  unstable,  and  belongs  to 
the  same  easily  decomposable  class  as  the  double  nickel  cyanids. 
This  cobalt  cyanid  has,  however,  a  great  tendency  to  oxidize 
and  form  potassium  cobalticyanid,  K,Co(CN)g,  which  is 
stable  and  a  salt  of  the  cobalticyanicacid,  which  can  be  obtained 
in  a  free  state.  In  passing,  we  note  a  very  interesting  point, 
that  under  the  influence  of  such  reducing  agents  as  potassium 
cyanid,  potassium  nitrite,  and  potassium  sulphite,  cobalt  shows 
a  great  tendency  to  become  oxidized  from  its  bivalent  condi- 
tion to  the  very  stable  complex  compounds  in  which  it  is  tri- 
valent;  under  other  circumstances,  simple  compounds  in  which 
cobalt  is  trivalent  are  formed  with  great  difficulty  and  are  of 
decided  instability.  This  seemingly  anomalous  property 
still  demands  an  explanation. 

Turning  to  the  iron  cyanids  we  find  both  types,  K^Fe(CN), 
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and  K,Fe(CN)g,  ferrocyanid  and  ferric5'anid,  well  developed 
and  extremely  stable.  From  each,  the  corresponding  acid  can 
be  obtained  in  a  free  state,  and  is  a  strong  acid.  Of  the  remain- 
ing metals,  the  double  cyanids  of  rhodium  and  iridium  re- 
semble the  cobalticyanid,  while  of  iridium  the  iridocyanid, 
KJr(CN),,  is  also  known,  and  is  stable,  thus  completing  the 
analogy  found  in  the  nickel  group.  Potassium  ruthenocyanid, 
K^Ru(CN)„  and  osmocyanid,  K,Os(CN),,  resemble  the  ferro- 
cyanid, the  free  acids  being  easily  separable  from  the  salts. 
Outside  of  the  eighth  group,  the  stable  complex  cyanids  are 
known  only  in  the  case  of  manganese  and  chromium. 

Regarding  the  constitution  of  the  double  cyanids,  you  are  all 
familiar  with  the  various  suggestions  that  have  been  made 
from  time  to  time,  which  involve  the  polymerization,  probably 
by  threes,  of  the  cyanogen  group.  To  this  there  have  been 
raised  two  objections  :  an  explanation  which  is  satisfactory'^  for 
the  double  cyanids  should  also  be  available  for  the  double 
chlorids,  as  K,PtCl,  which  are  also  salts  of  complex  acids,  and 
where  polymerization  by  threes  is  at  least  improbable  ;  and 
second  it  is  possible  to  replace  a  single  cyanogen  group  or 
chlorin  atom,  without  changing  essentially  the  nature  of  the 
molecule,  as  in  sodium  nitroprussid,  Na,Fe(CN)jNO,  and 
potassium  nitrosochlorruthenate,  K,RuCl.NO.  There  is  a 
large  field  for  study  in  these  cyanids  from  the  standpoint  of 
the  newer  physical  chemistry. 

Closely  connected  with  the  chemistry  of  the  cyanids  is  that 
of  the  thiocyanates,  but  it  has  been  ver>^  meagerly  worke<l 
out  for  the  eighth  group.  In  the  case  of  platinum  both  potas- 
sium plato-  and  platithiocyanates,  K,Pt(SCN)^  and  K,Pt- 
(SCN)„  are  known,  and  are  salts  of  the  plato-  and  platithio- 
cyanic  acids.  These  are  complex  acids  and  may  be  separated 
out,  but  in  the  free  state  are  very  unstable.  The  double  ferric 
thiocyanates  may  be  formed  but  there  is  no  corresponding  com- 
plex acid;  that  is,  they  are  ordinary  double  salts.  The  ferrous, 
cobakous,  and  nickel  thiocyanates  are  known,  but  form  no 
double  salts.  It  is  extremely  probable  that  the  other  metals 
of  this  group  would  show  a  full  series  of  thiocyanates. 

Another  interesting  class  of  complex  salts  is  that  of  the 
double  nitrites,  first  studied  in  the  case  of  platinum  by  Nilson, 
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but  for  the  other  platinum  metals  by  Wolcott  Gibbs,  who 
bases  upon  these  his  method  of  separating  the  metals.  More 
recently  these  nitrites  have  been  investigated  by  Joly,  Vfezes, 
and  Leidi6.  The  most  familiar  double  nitrite  is  the  potassium 
cobaltinitrite,  which  has  long  served  for  the  separation  of  cobalt 
from  nickel,  and  which  is  also  used  as  a  pigment  under  the 
name  of  aureolin  or  cobalt-yellow.  These  nitrites  resemble, 
to  a  considerable  degree,  the  double  cyanids,  and  in  the  case  of 
iridium  the  free  complex  iridonitrous  acid  has  been  obtained. 
In  the  case  of  iron,  cobalt,  and  nickel,  we  have  also  repre- 
sentatives of  a  large  class  of  very  stable  triple  nitrites,  first 
noted  by  Kiinzel  and  Lang,  and  studied  by  Erdmann.'  More 
recently  these  have  been  investigated  by  Przibilla*  who,  after 
great  difficulty,  succeeded  in  preparing  the  triple  iron  potas- 
sium nitrites  with  lead,  barium,  strontium,  and  calcium  ;  this 
is  the  first  nitrite  of  iron  to  be  prepared  and  leaves  osmium  as 
the  only  metal  of  the  eighth  group  of  which  no  nitrite  is 
known. 

In  the  case  of  all  the  platinum  metals  double  sulfites  are 
known,  which  are  salts  of  complex  metallo-sulfurous  acids.  In 
these  metals  the  presence  of  the  sulfurous  acid  radical  cannot 
be  detected  by  ordinary  reagents.  In  the  case  of  cobalt  a  full 
series  of  cobaltisulfites  is  known,  which  are  stable  salts,  while 
the  cobaltosulfites  are  very  unstable.  Little  is  known  of  iron 
and  nickel  sulfites,  and  there  is  much  room  for  further  inves- 
tigation in  the  case  of  the  sulfites  of  the  other  elements  of  this 
group.  There  is  at  the  same  time  reason  to  believe  that  a 
study  of  the  thiosulfites  and  possibly  the  dithionates  of  this 
group  would  not  be  without  interest. 

Another  acid  which  is  capable  of  forming  complex  salts  is 
oxalic.  The  platoxalates  are  the  only  ones  which  have  been 
carefully  studied,  though  some  work  has  been  done  upon  the 
rhodoxalates.  Several  iron  oxalates  and  double  oxalates  are 
known,  but  aside  from  this  the  field  is  unworked  but  promising. 
In  this  connection  it  may  be  added  that  while  oxalic  acid  is 
the  only  organic  acid  which  has  been  investigated  to  any  con- 
siderable extent  in  complex  salts,  it  by  no  means  follows  that 

1  J.  prakt.Chem.  97,  385  (1866). 

2  Ztschr.  anorg.  Chem.  15,  419  (1897). 
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it  is  the  only  acid  which  is  capable  of  entering  into  such  com- 
binations. Some  of  my  students  have  made  preliminary  tests 
with  a  large  series  of  acids  and  found  that  several  among  them 
enter  combination  with  chromium  with  the  formation  of  com- 
plex salts,  and  it  is  quite  possible  that  similar  compounds  may 
be  formed  with  the  eighth-group  metals.  Mention  should  also 
be  made  that  Gibbs  has  introduced  platinum  into  his  complex 
salts,  forming  platinimolybdates  and  platinitungstates. 

Since  complex  salts  of  hydrocyanic,  nitrous,  sulfurous, 
oxalic,  and  other  analogous  acids  are  best  developed  generally 
with  the  metals  of  this  group,  it  is  in  the  study  of  these  and 
other  compounds  of  this  group  that  we  may  hope  to  gain  an 
insight  into  the  constitution  of  these  interesting  compounds  of 
which  so  little  is  known,  and  further  extend  our  knowledge 
regarding  valence,  for  it  is  just  at  this  point  that  the  generally 
accepted  theory  of  valence  begins  to  break  down. 

Before  alluding  to  the  ammonia  bases,  which  are  so  well  de- 
veloped in  this  group,  and  would  naturally  follow  these  complex 
salts  we  have  just  considered,  a  brief  digression  may  be  made 
to  refer  to  three  classes  of  anomalous  compounds,  which  should 
not  be  passed  without  reference.  The  first  of  these  are  the 
nitroso  compounds.  It  is  only  recently  that,  largely  through 
the  efforts  of  Joly,  the  nature  of  the  so-called  nitroprussids  was 
discovered, — double  cyanids  in  which  one  cyanogen  group  is 
replaced  by  one  nitroso  group,  NO.  Joly  then  found  that  the 
old  osmiamic  acid  of  Fritzsche  and  Struve  is  also  to  be  con- 
sidered as  a  nitroso  compound,  and  that  the  supposed  tetra- 
chlorid  of  ruthenium  is,  in  reality,  a  nitrosochlorid.  But  while 
there  appear  to  be  no  representatives  of  the  nitroso  compounds  in 
the  cobalt  or  the  nickel  groups,  several  other  compounds  of 
iron  are  known  which  contain  this  group,  as  the  potassium 
iron  tetra-  and  heptanitrososulfonates,  K,Fe,(N0)4S,  and 
KFe,(NO),S,,  and  the  iron  nitroso thiocarbonate  and  thio- 
antimonate  of  Low.  There  seems  also  to  l^e  a  nitrosocyanid  of 
ruthenium,  corresponding  to  the  nitroprussids,  but  it  has  not 
been  isolated.  In  none  of  these  cases  has  the  interesting  ques- 
tion been  brought  out  as  to  whether  the  nitroso  group  remains 
attached  to  the  metal  when  in  solution,  or  whether  it  is  electro- 
lytically  dissociated  and  acts  the  part  of  an  acid  radical. 
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In  some  respects  yet  more  remarkable  are  the  compounds 
formed  with  carbon  monoxid  and  with  phosphorus  trichlorid. 
The  best  known  compound  of  this  class  is  the  nickel  carbonyl, 
Ni(CO),,  of  Ludwig  Mond.  The  nature  of  this  volatile  liquid 
is  yet  unknown,  but  it  is  by  no  means  unique.  Immediately 
after  its  discovery  it  was  found  that  iron  formed  similar  com- 
pounds, Fe(CO)^  and  Fe,(CO),.  That  a  volatile  compound  of 
iron  exists  had  been  very  apparent  on  the  lime  of  the  Drum- 
mond  light,  when  water  gas,  compressed  in  iron  cylinders,  was 
used  instead  of  hydrogen,  and  also  in  the  clogging  of  gas 
burner  tips  with  an  oxid  of  iron,  especially  when  a  carburetted 
water  gas  is  used  as  an  illuminant.  The  volatile  iron  carbonyl 
seems  to  be  formed  at  ordinary  temperatures  by  the  passage  of 
carbon  monoxid  through  iron  pipes.  But  it  is  not  alone  with 
metals  that  carbon  monoxid  combines  to  form  volatile  com- 
pounds. As  early  as  1868  Schiitzenberger'  discovered  that 
platinous  chlorid,  PtCl,,  would  combine  directly  with  carbon 
monoxid,  with  the  formation  of  three  distinct  compounds,  con- 
taining respectively  one,  two,  and  three  molecules  of  CO  to 
one  of  PtCl,.  A  compound  is  also  known  in  which  one  CO 
group  replaces  one  cyanogen  group  in  potassium  ferricyanid, 
that  is  K,Fe(CN)^CO.  This  reminds  us  naturally  of  the  ni- 
trosoferrocyanid,  the  so-called  nitroprussid.  Again  in  1870 
Cahours  and  Gal*  discovered  a  series  of  compounds  containing 
platinous  chlorid  united  with  phosphorus  trichlorid,  and  also 
with  some  of  the  organic  phosphins.  These  compounds  are 
not  of  the  nature  of  double  chlorids,  for  they  can  be  hydrolyzed 
with  the  formation  of  chlorplatophosphorous  acid.  An  analo- 
gous class  of  compounds  of  iridium  has  been  made  by  Geisen- 
heimer,'  which  are  also  capable  of  hydrolysis,  giving  chlorirido- 
phosphorous  acid.  Geisenheimer  has  formed  similar  com- 
pounds containing  bromin*  in  the  place  of  chlorin,  and  also 
others  containing  arsenic*  in  the  place  of  phosphorus.  How 
far  compounds  of  this  nature  can  be  extended  is  only  conjec- 

1  Compt.  rend.,  66,   666,  747(1868). 

2  Ibid..  70,  897,  1380  (1870)  ;  71,  208  (1870). 
8  /bid.,  xxo,  1004  (1890). 

*  Ibid.,  HI,  40  (1890). 
6  Ibid.^  no,  1336  (1890). 
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tural,  but  there  is  evidence  of  the  existence  of  something  of  the 
kind  with  iron. 

Of  binary  compounds  with  the  less  negative  elements,  such 
as  the  phosphids  and  carbids  of  iron,  little  is  known.  Like 
iron,  nickel  and  also  platinum  and  iridium  form  phosphids. 
Iridium  phosphid  possesses  an  economic  importance  in  that  it 
enables  the  metal  to  be  fused  in  a  furnace.  Up  to  the  discovery 
of  this  process  in  1882  by  Dr.Wm.  L.Dudley,  the  native  grains 
of  iridosmium  were  alone  available  for  tipping  gold  pens,  stylo- 
graphs, and  the  like.  It  was,  however,  found  that  when  iridium 
was  heated  to  a  high  temperature  in  a  crucible,  on  introducing 
a  piece  of  white  phosphorus,  the  whole  mass  immediately 
melted,  and  could  be  cast  into  plates,  afterward  to  be  worked 
up  into  desired  form.  This  reminds  one  of  the  early  method 
of  working  platinum  by  alloying  it  with  arsenic  and  then  roast- 
ing the  arsenic  off  in  a  muffle. 

There  remains  a  single  class  of  compounds  to  be  noticed,  the 
ammonia  bases,  whose  greatest  development  is  found  in  this 
g^oup.     The  first  member  of  this  class  was  the  compound  now 
known  from  its  discoverer  as  the  green  salt  of  Magnus,  which 
was  first  made  in   1828.*     Then   came  the  work  of  Gros,  of 
^eiset,  and  of  Peyrone.    Among  the  many  chemists  who  have 
c^ultivated  this  field  are  Cleve,  Jorgensen,  who  has  given  us 
xnost  of  our  knowledge  of  the  rhodium  bases,  Gibbs,  Palmaer, 
"who  has  developed  the  iridium  bases,  and  Joly,  who  has  re- 
used the  bases  of  ruthenium  ;  while  the  theory  of  these  bases 
lias  been  discussed  especially  by  Claus,  Blomstrand,  Jorgensen, 
and  Werner.    In  connection  with  these  bases,  appear  what  must 
with  our  present  knowledge  be  considered  anomalies.     The 
greatest  development  of  these  bases  is  found  with  platinum, 
where  nearly  or  quite  a  dozen  distinct  classes  of  bases  are 
known,  and  where  we  find  several  groups  of  isomers,  which 
Werner  seeks  to  explain  as  stereoisomers,    while  Jorgensen 
strenuously  combats  the  view.     In  type,  the  palladium  bases 
resemble  those  of  platinum,  but  as  far  as  yet  studied  are  much 
less  well  developed.    Nickel,  on  the  other  hand,  forms  no  true 
bases,  though  many  ammonia  compounds.     The  cobalt,  rho- 
dium, and  iridium  bases  are  all  formed  on  the  same  general 

I  Ann.  dcr  Phys.  (Pogg.),  24,  239  (1828). 
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types,  but  by  far  the  greatest  development  is  found  in  cobalt, 
which  almost  rivals  platinum  in  the  number  of  classes  ;  but 
few  of  these  are  developed  with  iridium,  and  fewer  still  with 
rhodium.  In  the  iron  group  no  bases  are  formed  by  iron,  and 
only  two  or  three  ammonia  compounds  ;  ruthenium  and  osmium 
form  fewer  bases,  as  far  as  yet  investigated,  than  any  of  the 
other  platinum  metals.  It  is  interesting  to  note,  however,  that 
one  of  these  ruthenium  bases,  discovered  by  Joly,  which 
possesses  intense  tinctorial  power,  resembles  very  strongly  an 
organic  dye,  both  on  fabrics  and  as  a  stain  in  microscopy. 
The  constitution  of  the  ammonia  bases  is  to-day,  as  it  has  been 
for  half  a  century,  one  of  the  greatest  problems  of  inorganic 
chemistry , and  it  is  apparently  no  nearer  solution.  In  accordance 
with  the  valence  theory,  it  becomes  necessary  with  Jorgensen 
to  assume  the  existence  of  chains  of  at  least  four  NH,  groups  in 
a  molecule,  stable  enough  to  be  unaffected  by  aqua  reg^a  and 
also  that  these  ammonia  groups  are  replaceable  by  water  mole- 
cules. We  must  also  assume  that  while  in  ordinary  salts,  as 
for  example  chlorids,  the  chlorin  atoms,  which  are  directly 
united  with  the  metal,  are  dissociated  in  aqueous  solution,  in 
these  bases  the  chlorin  which  is  directly  united  with  the  metal 
is  not  dissociated,  but  that  which  is  united  with  the  metal 
through  the  medium  of  one  to  four  ammonia  groups  is  disso- 
ciated. Led  by  a  consideration  of  these  seeming  inconsisten- 
cies, Werner  has  proposed  his  theory  of  coordinated  groups 
within  the  molecules,  a  theory  which  seems  to  possess 
at  least  elements  of  truth,  even  if  not  expressing  the  whole 
truth.  It  is  possible  too  that  Werner's  theory  may  explain 
some  of  the  difficulties  of  the  theory  of  electrolytic  dissociation, 
and  harmonize  it  with  the  hydrate  theory  of  solution. 

The  constitution  is,  however,  not  the  only  problem  of  these 
bases.  To  my  mind  their  connection  or  rather  lack  of  con- 
nection with  the  periodic  system  is  one  of  the  most  inexplicable 
facts  in  chemistry.  It  makes  it  apparent  that  while  the 
periodic  law  expresses  a  truth,  without  doubt  the  greatest 
generalization  of  modern  chemistry,  yet  even  this  is  in 
its  present  statement  not  the  whole  truth.  We  find  a 
marvelously  full  development  of  these  bases  in  connection 
with    cobalt,    platinum,    and    chromium.       Manganese    and 
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ron  which  lie  between  chromium  and  cobalt  form  no 
bases.  The  higher  members  of  the  chromium  group,  that 
is,  molybdenum,  tungsten,  and  uranium,  form  no  bases, 
while  the  higher  members  of  the  iron  series,  that  is,  ruthenium 
and  osmium  do.  Of  nickel,  which  stands  next  to  cobalt  and 
resembles  it  so  closely,  "no  bases  are  known,  and  yet  it  is  the 
lowest  member  of  the  series  which  contains  platinum.  It  is 
true  that  bivalent  cobalt  forms  perhaps  like  nickel,  no  bases, 
but  as  trivalent  cobalt  forms  so  many  bases,  trivalent  iron 
would  seem  likely  to  form  many,  instead  of  none.  If 
indeed  manganese  and  iron  are  capable  of  forming  these 
bases,  it  seems  strange  that  no  one  has  yet  happened  upon 
the  proper  conditions.  It  is  the  consideration  of  a  subject 
like  that  of  these  inorganic  bases,  which  forces  upon  us 
a  realization*  of  how  much  there  is  after  all  which  we  do  not 
know  about  chemistry. 

We  turn  now  to  a  short  consideration  of  the  eighth  group 

from  a  theoretical  standpoint.       Following  Dr.  Venable*  we 

may  assume  that  each  of  the  first  seven  groups  consists  of  a 

group  element,  as  in  group  one,  lithium  ;  a  type  element  as 

sodium  ;   and  two  series,  one  of  more  positive  elements  as 

XX>tassium,    rubidium    and     cesium,    and    the    other     more 

negative,   as    copper,  silver,    and  gold.     Further,    the   more 

positive    the   type   metal,    the  more  closely   will  the  metals 

of  the  positive  series  resemble  it ;  the  more  negative  the  type 

metal,  the  more  closely  will  the  negative  series  resemble  it. 

"Ti^hus  in  the  first  group,  the  positive  series  potassium,  rubidium, 

^nd  cesium  closely  resembles  the  type  element  sodium  ;  in  the 

seventhgroup  the  negative  series,  bromin  and  iodin,  resembles 

Xhe  type  element  chlorin.     Now  the  eighth  group  differs  mate- 

xially  from  the  other  seven  in  that  it  contains  three  series,  with 

-no  group  or  type  element.     These  three  series  are  transitional 

from   the   least  positive   among    the   seven    positive    series, 

manganese,  to  the  least  negative  among  the  negative  series, 

copper,  silver,  and  gold.  The  properties  of  the  metals  of  group 

eight  show  this  transition,  as  from  a  chemical  standpoint,  iron, 

cobalt,  and  nickel  form  a  direct  gradation  between  manganese 

and  copper.  Now  comes  a  further  question  as  to  possible  transi- 

1  Sec  periodic  table,  p.  116. 
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ADDRESS   BY  JAS.    I<EWIS   HOWE.  II7 

tion  elements  between  the  most  negative  series,  fluorin,  chlorin, 
bromin,  iodin,  and  the  most  positive  series  sodium,  potassium, 
rubidium,  and  cesium.  From  a  theoretical  standpoint  such 
transition  elements  should  be  neither  positive  nor  negative,  and 
should  have  a  valence  of  zero.  A  few  years  ago  the  realiza- 
tion of  such  a  conclusion  would  have  seemed  impossible,  yet 
since  the  discovery  of  argon  and  its  congeners,  it  seems  almost 
probable  that  these  places  have  been  filled  in  accordance  with 
theory.  If  we  take  the  most  generally  accepted  atomic 
weights,  we  find  helium  preceding  lithium,  neon  following 
fluorin  and  preceding  sodium,  and  argon,  really  between 
chlorin  and  potassium,  but  with  an  atomic  weight  apparently 
slightly  greater  than  that  of  potassium  which  follows  it, 
resembling  in  this  respect  cobalt  and  nickel  of  this  same  group, 
and  also  tellurium  and  iodin.  There  would,  in  addition,  be 
expected  from  the  analogies  of  group  eight,  one,  two,  or  three 
transitional  elements  between  bromin  and  rubidium,  of  atomic 
weight,  80  to  85,  and  Ramsay  has  suggested  that  krypton  may 
belong  in  this  place — so  also  an  element  or  elements  of  simi- 
lar character  might  be  expected  between  iodin  and  cesium, 
with  atomic  weight  of  about  130.  The  recently  published 
work  of  Ladenburg  and  Kruegel  on  kr>'pton  give  it  an  atomic 
weight  of  about  59.  This  would,  as  Professor  Ladenburg 
suggests,  make  it  immediately  precede  copper,  but  unless  we 
change  very  materially  our  ideas  of  the  periodic  law,  it  is  diffi- 
cult to  conceive  of  an  element  with  the  properties  of  krypton 
lying  between  nickel  and  copper.  If  these  inert  gases  belong 
in  the  eighth  group  it  may  seem  strange  that  iron  and  the  other 
familiar  metals  which  belong  here  should  be  so  unlike  such  a 
type  element  as  argon  or  neon  ;  it  must,  however,  be  borne  in 
mind  that  this  is  only  an  expected  exaggeration  of  the 
departures  found  in  the  first  and  seventh  groups,  where  copper 
departs  from  its  type  element  sodium,  and  manganese  from  its 
type  element  chlorin.  As  to  whether  three  elements  are  to  be 
expected  of  atomic  weight  1 50  between  the  light  and  the 
heavy  platinum  metals  we  have  little  data  upon  which  to 
theorize.  As  a  matter  of  fact  there  is  ver>'  little  definite 
knowledge  of  the  elements  between  cerium  and  tantalum.  The 
inter- Jovian  planet  proved  to  be  an  indefinitely   large  number 
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of  asteroids;  Sir  William  Crookes*  study  of  the  rare  earths 
leads  him  to  the  conception  of  a  group  of  asteroidal  meta- 
elements  in  this  vacant  space  in  the  periodic  table.  We  must 
await  further  knowledge  before  these  problems  can  be  satisfac- 
torily solved. 

In  conclusion  one  word  as  to  a  very  practical  problem  con- 
nected with  this  group.  It  is  but  a  few  years  past  a  century 
since  the  use  of  platinum  was  introduced  into  the  chemical 
laboratory.  For  a  few  decades  the  supply  exceeded  the  de- 
mand, but  the  applications  of  platinum  have  steadily  increased, 
and  never  so  rapidly  as  in  the  last  two  decades.  For  many 
purposes  no  substitute  for  platinum  has  been  found.  At  the 
same  time  the  supply  of  platinum  is  not  keeping  pace  with  the 
demand,  and  as  a  result  the  price  of  platinum  has  very 
materially  advanced.  While  platinum  is  very  widely  distrib- 
uted, there  are  few  places  where  it  occurs  in  workable  quan- 
tities. It  is  possible,  however,  that  it  has  been  often  overlooked, 
as  in  placer  mining  for  gold,  and  efforts  have  been  made  to 
attract  miners'  attention  to  more  careful  search  for  platinum 
deposits.  At  the  present  outlook  it  will,  within  a  few  years,  be 
imperatively  necessary  either  to  materially  increase  the  plati- 
num supply  of  the  world  or  to  replace  it  for  many  purposes 
by  some  other  substance.  How  this  problem  will  be  solved 
cannot  now  be  foreseen. 


REPORTS  READ. 
[abstracts  and  titles.] 

elghtbenth   annual   report  of  the  committee  on  indexing 
Chemical  Literature. 
The  Committee  on  Indexing  Chemical  Literature  respectfully  presents 
to  the  Chemical  Section  its  Eighteenth  Annual  Report,  covering  the  nine 
months  ending  June  i,  1900. 

WORKS  PUBLISHED. 

Index  to  the  Literature  of  Zirconium.  By  A.  C.  Langmuir  and 
Charles  Baskerville.  Smithsonian  Institution,  Washington  City,  1899. 
29  pp.     8vo. 

This  forms  No.  11 73  of  the  Smithsonian  Miscellaneous  Collections. 
The  chronological  list  of  references  is  followed  by  a  Matter-Index. 

A  Bibliography  of  Steel-Works  Analysis.  By  Harry  Brearley.  Chem. 
News,  80,  233^/  seq.     (Nov.,  1899.) 

The  partial  bibliography  is  confined  to  the  contents  of  three  English 
journals:  Chem.  News,  f.  Chem.  Soc.  (London),  and/.  Iron  and 
Steel  Inst. 

The  Committee  also  reports  the  publication  of  these  foreign  bibliog- 
raphies : 

Fuhrer  durch  die  gesammte  Calcium- Carbid  und  Acetylen-Litteratur, 
Bibliographie  der  anf  diesen  Gebieten  bisher  erschienenen  Biicher, 
Joumale,  Aufsatze  in  Zeitschriften,  Abhandlungen  und  wichti^eren 
Paten tschrif ten.  Herausgegeben  unter  Mitwirkung  von  L.  Ludwig. 
Berlin,  1899.    8vo. 

This  covers  the  industrial  field  as  fully  as  the  bibliography  by  Mathews 
(Smithsonian  Miscellaneous  Collections)  does  the  scientific  field,  and 
both  taken  together  are  important  for  students  of  the  subjects. 

Rkpertoire  g^nhraU,  ou  Dictionnaire  mithodique  de  bibliographic  des 
industries  tinctoriales  et  des  industries  annexes  depuis  Tes  origines 
jusqu*d  la  fin  de  Vannee  i8g6.     Par  Jules  Gar9on.     Paris,  1899-1900. 

The  first  volume  of  this  extensive  work  contains  a  chapter  on  the 
sources  of  chemical  bibliography,  in  which  the  author  fully  recognizes 
the  works  issued  under  the  auspices  of  this  committee  and  those  published 
by  the  Smithsonian  Institution.  The  author  writes  :  **  America  yields  to 
no  nation  in  the  matter  of  bibliography ;  an  American  devised  the 
decimal  system  of  bibliography,  and  Americans  formed  the  Committee 
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on  Indexing  Chemical  Literature,  of  which  the  Reports,  edited  by 
Mr.  H.  C.  Bolton,  are  found  in  the  Proceedings  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  since  1883.** 

REPORTS  OF  PROGRESS. 

Dr.  Alfred  Tuckerman  has  completed  and  sent  to  the  Smithsonian 
Institution  a  Supplement  to  his  Index  to  the  Literature  of  the  Spectro- 
scope^ which  covers  the  period  from  1887  to  1899. 

Dr.  H.  Carrington  Bolton's  Second  Supplement  to  his  Select  Bibliog- 
raphy of  Chemistry,  containing  a  list  of  7,500  chemical  dissertations  is 
passing  through  the  press;  it  will  form  a  volume  of  the  Smithsonian 
Miscellaneous  Collections. 

Mr.  A.  G.  Smith,  of  Cornell  University,  is  engaged  on  an  Index  to  the 
Literature  of  Selenium  and  Tellurium,  which,  it  is  expected,  will  be 
completed  this  summer. 

Dr.  Frank  I.  Shepherd,  Secretary  of  the  Cincinnati  Section  of  the 
American  Chemical  Society,  plans  a  bibliography  of  the  Alkaloids, 

Mr.  Frank  R.  Fraprie,  of  the  University  of  Illinois,  Urbana,  111.,  writes 
to  the  Committee  that  he  contemplates  preparing  an  Index  to  the  Litera- 
ture of  L  ith  iu  m . 

The  Committee  chronicles  the  new  method  of  indexing  chemical 
substances  used  by  M.  M.  Richter  in  his  Lexicon,  and  by  the  editors  of 
the  Berichte  der  deutschen  chemischen  Gesellschaft,  in  which  the  refer- 
ences to  organic  compounds  are  arranged  under  their  empirical  formulae ; 
the  Chairman  of  your  Committee  finds  that  Mr.  Edwin  A.  Hill,  of  the 
U.  S.  Patent  Office,  has  been  engaged  for  more  than  two  years  in 
cataloguing  chemical  bodies  under  their  empirical  formulae  for  conve- 
nience of  his  office.  Mr.  Hill's  system  is  adaptable  to  inorganic  compounds 
as  well  as  to  those  of  carbon,  and  differs  from  the  German  plan  in 
arrangement  of  the  symbols,  being  much  simpler.  This  method  will  be 
explained  in  print  before  long. 

It  is  gratifying  to  note  the  increasing  and  continued  interest  in  bibliog- 
raphy on  all  sides,  and  the  Committee  stands  ready  to  encourage  the 
movement  in  chemistry  by  practical  assistance  to  those  desirous  of  con- 
tributing to  the  now  considerable  list  of  indexes.  Address  correspondence 
to  the  Chairman,  at  the  Cosmos  Club,  Washington,  D.  C. 

H.  Carrington  Bolton,  Chairman, 
F.  W.  Clarke  ^in  Europe), 
A.  R.  Leeds, 
A.  B.  Prescott, 
Alfred  Tuckerman, 
t  H.  W.  Wiley. 


Committee 
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SoMB  Resui^tsof  Experiments  with  the  Respiration  Calorimeter  . 
By  W.  O.  ATwaTER,  Middletown,  Conn. 

The  paper  gives  some  of  the  results  of  experiments  with  the  respiration 
calorimeter  at  Wesley  an  University.  The  data  show  the  income  and  out- 
go of  matter  and  energy  in  the  bodies  of  men  under  experiment.  The  re- 
sults indicate  a  very  close  agreement  of  income  and  outgo,  and  thus  con- 
firm the  belief  in  the  action  of  the  law  of  the  conservation  of  energy  in 
the  living  organism. 

(The  results  of  this  investigation  will  appear  in  a  series  of  bulletins  of 
the  Office  of  Experiment  Stations  of  the  U.  S.  Department  of  Agriculture. ) 


Experiments  with  Some  Substituted  Benzoic  Acids  and  Their  Ni- 
tru^bs.    By  Marston  Taylor  Bogert  and  August  Henry  Gott- 

HELF. 

By  heating  the  substituted  benzoic  acids  with  aliphatic  nitriles  substi- 
tuted benzonitriles  are  obtained  and  aliphatic  acids,  while  the  action  of 
substituted  benzonitriles  upon  aliphatic  acids  yields  preferably  secondary 
amides.  Brom-,  nitro-  and  amidobenzoic  acids,  and  their  nitriles,  were 
used  in  the  experiments.  In  case  of  the  orthoamido  compounds,  quinazo- 
lines  result. 


Thr  Direct  Synthesis  of  Ketodihydroquinazolins  from  Ortho- 
amido acids.  By  Marston  Taylor  Bogert  and  August  Henry 
Gotthelf. 

Orthoamido  acids  when  heated  under  pressure  with  nitriles  yield 
directly  quinazoline  bodies.  This  is  probably  due  to  the  formation  at  first 
of  a  secondary  amide,  which  then  loses  water,  the  ring  closing  by  means 
of  the  orth€>amido  group. 
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The  Direct  Preparation  of  Imidhs  of  the  Bibasic  Acidg  prom  the 
Corresponding  Nitrides.    By  Marston  Tayi«or  Bogert. 

By  heating  the  nitriles  in  sealed  tubes  with  exactly  two  molecules  of 
water,  the  corresponding  imides  are  obtained.  The  various  products 
possibly  resulting  from  the  addition  of  exactly  two  molecules  of  water  to 
the  nitriles  can  all  be  shown  to  break  down  to  the  imide  under  conditions 
of  heat  and  pressure,  and  it  was  to  prove  this  theoretical  deduction  that 
the  experiments  were  undertaken. 

[The  three  preceding  papers  will  be  published  in  the  Journal  of  the 
American  Chemical  Society.] 


On  Certain  Reactions  in  Liquid  Ammonia.    By  Edward  C.  Frank- 
WN  AND  Orin  F.  Stafford,  Lawrence,  Kan. 
Measurements  of  the  molecular  conductivity  of  certain  acid  amides  and 
basic  amides^  in  liquid  ammonia  have  suggested  that  in  solution  in  this 
solvent  these  amides  ought  to  react  with  each  other  to  form  representa- 
tives of  a  class  of  substances  which  bear  a  relation  to  ammonia  analogous 
to  that  which  the  ordinary  salts  bear  to  water.     Following  out  the  sugges- 
tion the  following  reactions  have  been  shown  to  take  place  when  am- 
monia solutions  of  the  substances  indicated  have  been  brought  together  : 
CHjCONH,  -f  KNH,=  CHjCONHK  -[-  NHj. 
CeHsSOjNH,  +  KNH,  =  CeHjSOjNHK  -f  NH,. 
CeHjSOjNH,  +  2KNH,  =  CeHsSO^NK,  -[-  2NH,. 
.0~CH,  /O-CH, 

*^SO,NH,(  m )  +  KNH,  *^SO,NHK  +  NHj' 

/O— CHj  /O— CH, 

C«H  =  C  H 

*^SO,NH,( w)  -h  2KNH,         *    *^SO,NK,  +  2NH,' 

CO .  ^CO . 

CeH,(  )NH  +  KNH,  =  QH,<;  )NK  +  NH,. 

^so/  ^so/ 

NH,  NH, 

CO(  -h  KNH,  -=  CO<;  -f  NH,. 

^NH,  ^NHK 

NH, 
CO(  +  2KNH,  ==  CON,H,K,  +  2NH,. 

^NH, 

Acid  amides  and  ammonium  salts  act  on  certain  metals  as  indicate 
the  following  reactions,  ^^hich  have  been  studied  quantitatively  : 
2NH,NOs  +  Mg  =  Mg(NOs),  -[-  2NHs  -f  2H. 

CHsCONH,  -h  mg=  CHjCONHmg  -|-  H. 
CeHjSO^NH,  -[-  mg  =  CeH^SO^NHmg  +  H. 
1  Am.  Chem.  J.,  April,  1900. 
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.CO  .  /CO  . 

C,H,(  )NH  4-  Na  =  ^H  ^         )Na  4-  H. 

.CO .  .CO 

C,H,(         )NH  +  mg  =  CeH,  <;         )Nmg -f- H. 

Other  reactions  of  this  kind  have  been  tested  qualitatively,  but  the  prod- 
ucts have  not  )'et  been  isolated  and  analyzed. 

Insoluble  metallic  amides  are  precipitated  when  the  soluble  potassium 
amide  is  added  to  a  solution  of  salts  of  some  of  the  heavy  metals.  Up  to 
the  present,  analyses  have  been  made  of  the  silver  and  lead  compounds 
only.  The  precipitates  are  formed  in  accordance  with  the  following  reac- 
tions : 

Pb(N03)2  +2KNH2  =  Pb(NH,)2-h  2KNO3. 
Agl  -f  KNH^  =  AgNH,  +  KI. 
[The  results  of  the  investigation  will  be  published  in  the   American 
Chemical  Journal.] 


The  Hydrogen  Reduction  Products  of  Dkhydromucic  Acid.    By 
A.  S.  Wheeler,  Cambridge,  Mass. 


Notes  on  the  Constituents  of  Ligament  and  Tendon.  By  Wil- 
liam J.  GiES,  New  York  City. 
The  results  are  given  of  several  researches  now  being  carried  on  by  the 
author,  assisted  by  a  number  of  coworkers.  The  data  for  composition, 
qualitative  and  quantitative,  of  each  tissue  are  given,  also  important 
deductions  regarding  tendon  mucin,  and  its  glucoproteid  relationships, 
together  with  some  points  regarding  methods  for  the  preparation  of  elas- 
tin.  There  are  included,  also,  the  results  obtained  in  the  studies  of  the 
extractives  of  these  connective  tissues,  as  well  as  facts  connected  with 
their  coagulable  proteids. 


The  Adulteration  and  Methods  of  Analysis  of  the  Arsenical 
Insecticides.  By  J.  K.  Haywood,  Washington,  D.  C. 
The  author  has  gathered  together  the  work  that  has  been  done  by  the 
experiment  stations  upon  insecticides,  and  from  this  shows  the  different 
forms  of  adulteration  practised  in  the  United  States.  He  has  also  ex- 
amined the  various  methods  for  the  determination  of  the  constituents  of 
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Paris  Green  and  Scheele  Green,  and  from  his  work  draws  the  following 
conclusions  : 

1 .  Water  can  be  determined  in  Paris  and  Scheele  Greens  by  drying  at 
the  temperature  of  boiling  water  for  twelve  to  fifteen  hours. 

2.  The  best  method  for  determining  the  total  arsenic  in  Paris  and 
Scheele  Greens  is  the  Thorn  Smith  method  based  on  the  separation  of  the 
copper  by  sodium  hydroxide,  the  subsequent  reduction  of  all  arsenic  to 
the  arsenious  condition  by  potassium  iodide  in  acid  solution,  and  the  final 
titration  of  the  arsenious  oxide  by  standard  iodine  in  sodium  bicarbonate 
solution. 

3.  The  best  method  for  determining  soluble  arsenious  acid  in  Paris  and 
Scheele  Gr^ns  is  by  extracting  with  500  cc.  of  water  at  room  temperature 
until  constant  results  are  obtained,  then  filtering  off  an  aliquot  portion, 
and  titrating  with  standard  iodine. 

4.  Hot  water  extraction  cannot  be  used  to  determine  soluble  arsenious 
acid. 

5.  A  good  method  for  determining  copper  in  Paris  and  Scheele  Greens 
is  based  on  the  separation  of  the  copper  by  boiling  with  sodium  hydrox- 
ide and  the  subsequent  determination  of  the  copper  by  the  volumetric 
method,  in  which  one  titrates  the  iodine  set  free  from  potassium  iodide 
by  a  copper  salt  in  acetic  acid  solution. 

[This  paper  will  be  published  in  he  Journal  of  the  American  Chemical 
Society.] 


The  Composition  and  Anai^ysis  of  London  Purpi^e.  By  J.  K.  Hay- 
wood, Washington,  D.  C. 
The  author  has  examined  a  number  of  methods  for  determining  the 
various  constituents  of  London  Purple.  He  finds  that  the  sulphide  of  ar- 
senic cannot  be  weighed  directly,  as  it  is  contaminated  with  organic  mat- 
ter :  also  that  low  results  are  obtained  when  the  sulphide  is  oxidized  with 
fuming  nitric  acid  and  precipitated  with  magnesia  mixture,  because  of  the 
fact  that  the  fuming  nitric  acid  will  not  oxidize  all  of  the  organic  dye  res- 
idue. He  therefore  proposes  a  method  based  on  the  reduction  of  the  ar- 
senic from  the  arsenic  to  the  arsenious  condition  by  potassium  iodide  in 
acid  solution  and  the  subsequent  determination  of  the  arsenious  oxide  by 
the  action  of  standard  iodine  in  sodium  bicarbonate  solution.  This  last 
method  allows  of  a  determination  of  the  arsenic  in  both  states  of  oxida- 
tion and  shows  that  in  six  samples  examined  the  arsenic  is  mostly  pres- 
ent, not  in  the  arsenious  condition,  as  is  generally  supposed,  but  in  the  ar- 
senic condition.  The  method  is  accompanied  by  full  experimental  data. 
Work  is  also  given  on  the  determination  of  the  soluble  arsenic,  of  moisture, 
and  of  ash. 
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On  Some  Derivatives  ofPhenyi,  Ether.  By  H.  W.  Hii,i,yer,  Mad- 
ison, Wis. 
By  the  action  of  <7-nitrobrombenzene  on  the  sodium  compound  of  ^-cre- 
sol,  a  new  compound,  2-nitro-4-methyl  phenyl  ether  is  formed.  By  re- 
duction of  the  latter  an  amido  compound  is  formed.  Oxidation  of  the 
fiitro  compound  yields  an  add,  2-nitro-phenyl  ether  4'-carbonic  acid,  and 
by  reduction  of  the  latter  an  amido  acid  is  produced.  By  the  action  of 
/-nitrobrombenzene  on  the  sodium  compound  of  phenol,  4-nitrophenyl 
ether  is  produced,  and  from  this  by  reduction  the  amido  compound  and 
its  derivatives  are  obtained.  By  the  action  of  one  molecular  weight  of 
picryl  chloride  in  alcoholic  solution  on  one  molecular  weight  of  pyroca- 
techin  in  presence  of  two  molecular  weights  of  sodium  hydroxide  a  mole- 
cule of  hydrochloric  acid  and  one  of  nitrous  acid  are  split  off,  exhibiting 
a  new  example  of  the  replaceability  of  a  nitro  group  in  certain  cases.  The 
reaction  is  as  follows  : 

C,H,Cl(NO,)s  +  C,H,(OH)2  -f  2NaOH  = 

CeH402CeH,(NO.,)2  -f  NaCl  +  NaNO.,  +  2H2O; 

and  yields  a  dinitro  derivative  of  a  new  fundamental  substance  phenoxo- 
zone  of  the  structure  : 


/\ 


On  reducing  with  zinc  dust  and  acetic  acid  an  unstable  base  is  formed. 
On  reducing  with  tin  and  hydrochloric  acid  a  stable  base  is  produced 
having  the  properties  of  a  metadiamine  and  yielding  a  dyestuff  of  the  chrys- 
oidine  t3rpe.  Sodium  hydroxide  in  dilute  solution  does  not  dissolve  the 
nitro  compound,  but  alcoholic  alkali  dissolves  it  with  hydrolysis  of  one 
of  the  oxygen  bondings  to  form  a  dioxydinitrophenyl  ether. 

When  two  molecules  of  picryl  chloride,  one  of  pyrocatechin,  and  two  of 
alkali  react  under  the  same  circumstances,  an  entirely  different  substance 
is  obtained  in  good  quantity.  It  has  not  yet  been  analyzed,  but  its  prop- 
erties indicate  that  it  is  pyrocatechin  dipicrate. 

Picryl  chloride  and  pyrogallol  react  in  a  manner  similar  to  that  in  which 
picryl  chloride  and  pyrocatechin  react,  yielding  a  hydroxy  compound  of 
the  dinitrophenoxozone. 


A  Pl«BA   FOR   THE    USE   OF    THE   THERMOSTAT   FOR  THE  LABORATORY 

Room.    By  Arthur  John  Hopkins,  Amherst,  Mass. 
The  author  considers  that  at  least  one  room  in  the  laboratory  should  be 
so  fitted  that  its  temperature  can  be  controlled,  night  and  day,  within  2°, 
since  calibration  processes  and  most  ordinary  quantitative  operations  are 
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aided  by  exact  temperature  conditions.  Apparatus  obtainable  in  the  mar- 
ket is,  however,  expensive  and  apt  to  get  out  of  order.  A  thermostat 
which  can  be  formed  from  ordinary  laboratory  material,  which  has 
done  good  service  during  the  pest  six  months,  is  described  by  the  author. 


Crystai,lization  of  Copper  Sulphate  for  QcAxriTAXn-E  Anal- 
ysis. By  Arthur  John  Hopkins,  Amherst,  Mass. 
The  problem  is  to  obtain  crystals  not  in  contact  with  one  another,  and 
of  a  definite  size,  preferably  from  20  to  30  mm.  long.  The  conditions 
governing  the  crystallization  are  studied  in  detail  and  it  is  concluded  that 
it  is  necessary  to  control  the  number  of  centers  of  crystallization.  This  is 
done  by  projecting  upon  the  surface  of  a  solution  of  definite  concentra- 
tion and  of  definite  depth,  a  very  gentle  stream  of  air  and  interrupting 
this  stream  when  the  desired  number  of  crystallizing  centers  have  been 
obtained.  Formulas  are  presented  for  the  best  strength  of  solution,  for 
the  reconcentration  of  mother-liquors  and  for  the  sizes  of  crystallizing 
dishes. 


Apparatus  for  Dispensing  vtith  the  Assistant  curing  Caubra- 
TioN  BY  Telescope.    By  Arthur  John  Hopkins,  Amherst,  Mass. 

An  arrangement  of  mirrors  is  described  by  which  the  telescope  and  the 
Oswald  calibrating  pipette  are  brought  close  together  and  opposite  the 
eye  of  the  single  operator,  and  by  which  delicate  control  of  the  readings — 
to  o.ooi  cc. — is  obtained  through  the  use  of  a  fine  screw  placed  beneath 
the  telescope. 

[The  three  preceding  papers  will  be  published  in  the  American  Chem- 
ical Journal.] 


The  Theory  of  Electrolytic  Dissociation  as  Viewed  in  the  Light 
OF   Facts  Recently   Ascertained.     By  Louis  Kahlbnbkrg, 
Madison,  Wis. 
This  paper  gives  a  brief  review  of  the  cases  preWously  found  where  solu- 
tions conduct  electricity  without  dissociation  of  the  solute,  as  shown  by 
boiling-  or  freezing-point  methods.     A  presentation  of  results  of  molec- 
ular weight  determinations  (in  aqueous  solutions)  of  cane-sugar,  boric 
acid,  and  a  large  number  of  neutral  salts  are  then  given.     The  strengths 
of  the  solutions  used  in  making  the  determinations  vary  through  a  very 
long  range,  from  high  dilutions  to  strong  concentrations.     The  boiling- 
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point  method  was  mainly  employed,  for  it  admits  of  investigating  more 
concentrated  solutions,  in  which  the  interest  directly  centers.  Boric  acid 
shows  a  remarkably  constant  molecular  weight  throughout  long  ranges  of 
concentration.  On  the  other  hand,  that  of  cane-sugar  sinks  very 
much  with  increasing  concentration,  a  behavior  which  it  is  hard  to  rec- 
oncile with  the  theory  of  solutions.  KCl,  NaCl,  KI,  KBr,  and  MgCl,, 
all  show  a  decrease  of  molecular  weight  with  increase  of  concentration, 
the  molecular  weight  in  each  case  becoming  less  than  one-half  the  theoret- 
ical. These  facts  cannot  be  harmonized  with  the  theory  of  electrolytic 
dissociation.  The  nitrates  and  chlorates  show  increase  of  molecular 
weight  with  increase  of  concentration,  which  qualitatively  agrees  with  the 
theory.  The  behavior  of  the  sulphates  is  also  described.  The  weakness 
of  the  dissociation  theory  in  explaining  simple  physiological  phenomena 
is  then  briefly  alluded  to.  Finally,  experiments  are  described  that  are 
most  difficult  to  explain  on  the  assumption  that,  when  a  solution  conducts 
electricity,  there  exists  within  it  a  regular  procession  of  material  particles, 
as  the  theory  of  electrolytic  dissociation  assumes.  These  experiments 
cannot,  however,  be  described  in  a  brief  abstract. 


The  Toxic  Action  of  Soi,utions  of  Acid  Sodium  Saints  on  Lupinus 
Airbus.    By  Louis  Kahi^enberg  and  Roi^lan  M.  Austin,  Madison, 
Wis. 
Seedlings  of  Lupinus  A I  bus  were  grown  in  solutions  of  acid  sodium 
salts  of  oxalic,  tartaric,  malic,  succinic,  and  citric  acids.     The  concentra- 
tions in  which  the  plants  just  survive  were  ascertained  and  found  to  be 
very  much  lower  than  they  should  be  on  the  assumption  that  death  is 
caused  by  hydrogen  ions  only.     The  authors  hold  that  the  theory  of  elec- 
trolytic dissociation  does  not  offer  a  satisfactory  explanation  of  the  phe- 
nomena in  question. 


The  Toxic  Action  of  Solutions  on  the  Lhech  and  the  Vinegar 

Eei..    By  Louis  Kahlenberg  and  John  B.  Emerson,  Madison, 

Wis. 

The  toxic  action  of  solutions  of  fifty-five  different  salts,  acids  and  bases, 

and  of  fifteen  alkaloids  on  the  leech  {Hirudo  officinalis)  and  the  vinegar 

eel  (Auguillula  Acfti)  was  tested.     The  animals  were  placed  in  solutions 

of  different  strengths  and  the  time  that  elapsed  before  death  occurred  was 

noted  in  each  case.     The  results  are  discussed  in  the  light  of  the  theory 

of  electrolytic  dissociation. 


i 
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The  Toxic  Action  of  Ei.ectroi,ytes  upon  Pishes.  By  Louis  Kah- 
i^BNBERG  AND  HuGO  F.  Mehi<,  Madison,  Wis. 
The  toxic  action  of  solutions  of  a  variety  of  acids  and  salts  on  four 
different  kinds  of  fish  was  ascertained.  The  fish  were  placed  in  solutions 
of  different  strengths,  and  the  time  during  which  they  survived  in  these 
solutions  was  carefully  noted.  Each  fish  was  both  measured  and  weighed. 
The  results  are  discussed  in  the  light  of  the  dissociation  theory. 


Differences  of  Potentiai,  between  Metals  and  Non-aqueous  So- 
i^uTioNS  OF  Their  Saints.  By  Louis  Kahi^enberg,  Madison,  Wis. 
The  electromotive  forces  of  concentration  elements  of  the  general  form 
Ag,  AgNOs  dilute,  AgNOj  concentrated,  Ag,  were  measured.  Various 
solvents  were  used ;  and  different  metals  and  salts  were  also  employed. 
The  results  obtained  were  compared  with  those  calculated  according  to 
Nemst's  formula  for  computing  the  electromotive  force  of  concentration 
elements.    The  results  found  do  not  agree  with  those  calculated. 


I.  The  Chix>rine  Derivatives  of  the  Hydrocarbons  in  Caufornia 

Petroleum.    By  C.  F.  Mabery  and  O.  J.  Sieplein,  Cleveland,  O. 

II.  Determination  of  the  Formulas  of  the  Hydrocarbons  and 
Chlorine  Derivatives  of  Pennsylvania,  California,Japanese, 
and  Canadian  Petroleum  by  Molecular  Refraction.  By  C. 
F.  Mabery  and  O.  J.  Sieplein,  Cleveland,  Ohio. 

I.  Chlorine  derivatives  of  the  hydrocarbons  in  California  petroleum 
were  formed  from  CgH,,  to  CigHja,  their  composition  ascertained  by  anal- 
ysis, and  their  molecular  weights  determined. 

II.  The  index  of  refraction  was  determined  for  the  several  hydrocar- 
bons in  the  crude  oils  mentioned  above,  and  from  the  density  and  molec- 
ular weight,  the  molecular  refractions  were  calculated.  On  comparing 
the  values  thus  obtained  with  the  values  calculated  from  the  atomic  re- 
fraction of  the  elements,  the  pure  hydrocarbons  gave  values  closely  agree- 
ing with  the  required  values ;  this  proved  to  be  a  valuable  means  of  con- 
firming the  molecular  weights.  The  same  was  found  to  hold  true  for  the 
chlorine  derivatives. 


I.  Composition  of  the  Hydrocarbons  in  Pennsylvania  Petroleum, 

Liquids  and  Solids,  above  216°.    By  C.  F.  Mabery,  Cleveland,  O. 

II.  Composition  of  the  Hydrocarbons  in  California  Petroleum, 
Liquids.    By  C.  F.  Mabery,  Cleveland,  O. 
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III.  Composition  of  the  Nitrogen  Compounds  in  California  Pe- 
troleum.   By  Charles  F.  Mabery,  Cleveland  Ohio. 

I.  This  paper  gives  an  account  of  the  hydrocarbons,  from  C13H28  to 
C,9H4o  contained  in  Pennsylvania  petroleum,  the  manner  in  which 
the  formulae  were  determined  by  analysis,  and  determinations  of  molec- 
ular weights.  It  also  describes  the  formulae  of  several  constituents  of 
higher  boiling-points,  which  are  solid  at  ordinary  temperatures,  and  the 
methods  for  ascertaining  their  formulae. 

II.  California  petroleum  is  composed  of  a  series  of  hydrocarbons  CnHjn, 
the  methylenes ;  these  bodies  have  been  identified  up  to  CisHjq.  Certain 
crude  oils  have  been  found  to  contain  series  of  the  forms  CnHjn  4-  2,  and 
CnHsn  4-  4.  Solid  hydrocarbons  have  been  separated  which  appear  to 
belong  to  the  series  CnHan  +  2. 

III.  Further" work  on  the  nitrogen  compounds  in  California  petroleum 
show  that  the  highest  portions  that  can  be  distilled  are  resinous  solids. 
The  nitrogen  compounds  are  composed  of  a  tetra-hydro-pyridine  ring, 
united  to  a  benzol  or  a  hydrobenzol  ring,  by  other  carbon  atoms.  The 
series  contain  methyl,  dimethyl,  etc.,  derivatives.  Oxidation  gives  no 
chinilinic  or  other  acids,  except  acetic  acid,  from  the  bodies  containing 
side-chains. 


Composition  of  the  Hydrocarbons  in  Japanese  Petroleum.  By 
C.  F.  Mabery  and  S.  Tabla.no,  Cleveland,  Ohio. 
A  large  number  of  representative  specimens  of  Japanese  petroleum  were 
obtained  and  examined.  The  principal  series  of  hydrocarbons  found  is 
CnHsn  and  the  same  members  were  identified  as  have  been  found  in  Rus- 
sian and  Calif omian  petroleum.  The  solid  hydrocarbons  are  apparently 
of  the  series  CnH^n  +  2. 


^The  Sulphur  Compounds  and  Their  Oxidation  Products  and  Un- 
saturated Hydrocarbons  in  Canadian  Petroleum.    By  C.  F. 
Mabery  and  W.  O.  Quayle,  Cleveland,  Ohio. 
Recent  work  on  the  oxidation  products  of  these  sulphur  compounds 
confirm  the  formulas  obtained  by  analysis  ;  molecular  refraction  also  con- 
:firms  them. 


The  Structure  and  Configuration  of  Camphor  and  its  Deriva- 
tives.    By  W.  a.  Noyes,  Terre  Haute,  Ind. 
The  author  gives  a  historical  summary  of  the  work  bearing  on  the  sub- 
9 
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ject  stated  in  the  title,  and  describes  the  syntheses  of  his  own  which 
finally  establish  in  most  essential  points  the  constitution  of  camphor. 


Some  Compounds  of  Methyi,  Sulphide  with  Metai^wc  Haudes. 
By  Francis  C.  Phillips,  Allegheny,  Pennsylvania. 
This  paper  consists  of  a  brief  discussion  of  the  properties  and  compo- 
sition of  a  few  compounds  of  methyl  sulphide  with  palladium  chloride, 
mercuric  chloride,  cuprous  chloride,  and  aurous  chloride. 


The  R  e action  of  Potassium  Hydroxide  on  Chloroform  .  By  A.  P. 
Saunders,  Clinton,  N.  Y. 

The  object  of  the  investigation  was  to  determine  the  order  of  the  reaction 
between  chloroform  and  potassium  hydroxide.  As  ordinarily  written  the 
reaction  isCHClg  -r  3KOH  =  3KCI  -h  CHO.OH,  but  the  eWdence  brought 
forward  here  seems  to  show  that  the  reaction  is  really  bimolecular.  The 
velocity  constant  obtained  is  not  good,  probably  owing  to  the  formation 
and  partial  breaking  up  of  the  potassium  formate. 

[The  paper  will  be  published  in  the  Journal  of  Physical  Chemistry-.] 


Application  of  Chemical  Methods  to  the  Testing  of  Wheat 
Flour.  By  Harry  Sn\'der,  St.  Anthony  Park,  Minnesota. 
Chemical  methods  are  but  little  used  in  the  commercial  testing  of  flour, 
but  in  a  few  large  mills  they  have  been  used  with  encouraging  results.  A 
description  is  given  of  standard  grades  of  flour  produced  by  a  modem 
flour  mill.  The  value  of  the  following  determinations  in  flour  testing  is 
then  discussed. 

1.  Moisture,  as  an  index  of  the  keeping  qualities  of  a  flour. 

2.  Ash,  as  an  index  of  the  grade  of  a  flour. 

3.  Acidity,  showing  the  ripeness  of  the  wheat. 

4.  Total  and  alcohol -soluble  nitrogen,  showing  the  character  of  thepro- 
teid  matter. 

5.  Determination  of  starch  in  bran  and  shorts,  for  detecting  excessive 
losses  in  bran  and  shorts. 

6.  Soluble  carbohydrates. 

7.  Capacity  to  absorb  water. 

8.  Microscopic  examination. 

9.  The  determination  of  the  granulation. 

10.  Blended  flours  and  their  detection. 
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It  is  stated  that  available  data  are  lacking  for  formulating  standards 
applicable  under  all  conditions.  The  importance  of  chemical  control  in 
the  manufacture  of  flour  is  emphasized. 


A  New  Voi*umbtric  Method  for  the  Determination  of  Sii^ver. 
By  Launcelot  W.  Andrews,  Iowa  City,  Iowa. 
[The  paper  will  be  published  in  the  American  Chemical  Journal.] 


Method  for  the  Anai,ysis  of  Glass.    By  E.  C.  Uhlig. 


Note  on  the  FERROCYANrtJEs  of  Lead  and  Cadmium.    By  Edmund 
H.  Miller  and  Henry  Fisher. 


Notes  on  the  Determination  of  the  Spontaneous  Combustion  of 
Oils  when  Mixed  with  Wool  Waste.  By  Leonard  P.  Kinni- 
CUTT  and  Herman  W.  Haynes,  Worcester,  Mass. 


Investigation  as  to  the  Nature  of  Corn  Oils.  Second  Paper: 
Determination  of  the  Constitution.  By  Herman  T.  Vult^ 
AND  Harriet  Winfield  Gibson. 


Notes  on  the  Determination  of  Phosphorus  as  Phosphomolybdic 
Anhydride.    By  H.  C.  Sherman  and  H.  S.  J.  Hyde. 


New  Methods  for  the  Separation  of  Some  Constituents  of  Os- 
sein.   By  William  J.  Gies. 


Texas  Petroleum.    By  H.  W.  Harper. 


The  Hydrogen  Reduction  Products  of  Dehydromucic  Acid.  By  A. 
S.  Wheeler,  Cambridge,  Mass. 
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Strength  of  Coi^umns  under  Eccentric  Loads.  By  Prof.  Thomas 
Gray,  Rose  Polytechnic  Institute,  Tenre  Haute,  Ind. 
The  mathematical  investigation  of  the  strength  of  a  long  thin  column 
was  given  many  years  ago  by  Euler  and  is  well-known.  That  investiga- 
tion shows  that  the  column  remains  straight  under  the  action  of  the  load 
until  the  load  reaches  a  certain  critical  value.  When  the  load  exceeds 
this  critical  value  any  accidental  bending  of  the  column  results  in  its  re- 
maining bent. 

The  formula  given  by  Tredgold,  and  modified  by  Gordon,  may  be  de- 
rived from  Euler *s  equations.  As  commonly  used  empirical  constants  are 
introduced.  When  the  load  applied  to  the  column  is  not  symmetrically 
placed  with  regard  to  the  axis  of  the  column  bending  results  for  all  loads ; 
but  the  method  of  investigation  remains  the  same,  the  only  change  neces- 
sary being  in  the  introduction  of  the  end  conditions. 

Suppose  the  column  to  be  supported  on  a  knife  edge  at  the  bottom  and 
the  load  applied  through  another  knife  edge  at  the  top  so  as  to  render 
the  condition  of  the  problem  definite.  Let  the  distances  from  the  knife 
^dges  to  the  axis  of  the  column  be  equal,  and  call  this  eccentricity  e. 
Then  the  arm  of  the  bending  couple  at  any  point  will  be  e  plus  the  deflec- 
tion ;  put  this  equal  to  y  and  let  the  vertical  distance  from  one  of  the 
Itnife  edges  taken  as  origin  be  called  x.     Put  R  for  the  modulus  of  rup- 

P 
ture,  P  for  the  total  load,  A  for  the  area  of  section,  ^o  =  -t-,  and  py^   the 

excess  over  p^  of  the  stress  at  the  extreme  fiber  due  to  the  bending  mo- 
ment. Then,  if  a  be  the  distance  of  the  extreme  fiber  from  the  neutral  axis 
for  bending  stress,  r  the  radius  of  gyration  for  the  section,  /  the  length  of 
the  column,  and  E  the  Young's  modulus  for  the  material,  we  have 

R=;.„+A  =  |-{X+^}   (X) 

where  y^  is  the  maximum  value  of  y. 


Then 


^  =  ^^'"WeJp-+^')- 
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Now  when 

y=y.x=  T«°<i«'«  Wife  ''  +  ^') 

is  a  maximum  or  unity. 


(4) 


;  EAr" 
So  that  we  have 

Again  when  ;ir  =  o,  y^=e, 

■■■'-..(^_l^m-"~^\S <^> 

\    2  2      \EaW 

Substitute  for  >/i  in  equation  ( i )  and 

R  =  ^/i4-i^secAjIi:\. 

A  I  r^  2r   \  EA  i 

Expanding  the  cosine  we  get 

(R-A)(i--^f^+-58^f;:r-etc.j=^A-;^. 

Now  in  almost  all  cases  two  terms  of  the  series  are  sufficient. 
Hence 

I  Kn  (         ae  \       I  P 

Put  this  as 

and  since  /q  increases  with  increases  of  c  we  have 

d 


When  the  column  is  long  and  e  large  the  expression  for/o  approximates 
to 

^       ae 


PAPERS   READ. 


137 


This  makes  pQ  greater  the  smaller  a  or  the  strength  of  a  rectangular 
column  is  greater  when  the  neutral  axis  is  parallel  to  the  longer  side. 

Equation  (3)  can  be  used  to  calculate  the  deflection  for  any  load,  and 
equation  (4)  can  be  readily  solved  by  trial  for  the  load  that  a  colunm  will 
carry,  or  the  approximate  formula  ( 5 )  obtained  by  expanding  the  second 
term  may  be  used  for  direct  calculation. 

Some  experimental  verifications  of  the  applicability  of  this  formula  have 
been  made  during  the  last  few  weeks  by  Mr.  Sidney  B.  Kidder  in  the 
laboratory  of  the  Rose  Polytechnic  Institute. 

The  apparatus  used  for  these  tests  was  a  RiehM  testing  machine  and  a 
pair  of  brackets  which  could  be  clamped  to  the  ends  of  the  column  and 
which  were  fitted  with  adjustable  knife  edges  through  which  the  com- 
pressional  forces  were  applied.  The  deflections  were  measured  by  means 
of  a  cord  stretched  between  the  brackets  and  a  horizontal  scale  fixed  at 
the  middle  of  the  length  of  the  column.  The  following  table  gives  a 
sample  of  the  results.    Yellow  pine  2.75  X  2.75  X  54- 

Pounds. 

645 
1 100 

1985 

2725 

340 

945 
1815 
2400 
3060 

3615 

290 

1015 

2320 

3095 
4090 

43*5 
4540* 
4640 

5630^ 

A  short  specimen  of  the  same  section  cut  from  the  same  piece  crushed 
p 
with  33,400  lbs.  or  —  =  4415. 

The  above  table  indicates  the  general  result  The  important  feature,  of 
course,  is  the  agreement  of  the  ultimate  fiber  stress  calculated  from  the 
experiments  with  eccentric  load  and  the  ultimate  fiber  stress  obtained  by 
uniform  load  on  a  short  piece. 

1  Began  to  3ricld  in  compression. 
*  Broke  in  tension. 


e. 

P. 

Defl. 

Cl- 

'0 =  1- 

nches. 

Pounds. 

Inches. 

inches. 

Pounds. 

Pounds 

0.46 

3200 

O.I 

0.56 

290 

355 

0.46 

3400 

0.2 

0.66 

450 

650 

0.46 

5200 

0.4 

0.86 

690 

1295 

0.46 

6200 

0.6 

1.06 

820 

1905 

1.38 

600 

O.I 

1.48 

80 

260 

1.38 

1600 

0.2 

1.58 

210 

735 

1.38 

2800 

0.4 

1.78 

370 

1445 

1.38 

3400 

0.6 

1.98 

450 

1950 

1.38 

4000 

0.8 

2.18 

530 

2530 

1.38 

4400 

I.O 

2.38 

580 

3035 

2.75 

300 

O.I 

2.85 

40 

250 

2.75 

1000 

0-3 

3.05 

130 

885 

2.75 

2100 

0.6 

3.35 

280 

2040 

2.75 

2600 

0.9 

3.65 

345 

2750 

2.75 

3200 

1.2 

3.95 

425 

3665 

2.75 

3300 

1-3 

4.05 

435 

3880 

2.75 

3400 

1.4 

4.15 

450 

4090 

2.75 

3400 

1.5 

4.25 

450 

4190 

2.75 

3400 

2.5 

525 

450 

5180 
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Some  Fitndamental  Propositions  in  the  Theory  of  Elasticity. 
By  Mr.  Frank  H.  Cilley,  S.B.,  Boston,  Mass. 

Bodies  apparently  alike,  identical  in  material  and  structure,  may  never- 
theless differ  essentially  in  internal  condition.  There  may  exist  in  them 
internal  stresses  and  strains,  wholly  unlike,  independent  of  all  external 
forces  but  of  considerable  amount. 

Of  the  existence  of  these  self-balancing  internal  stresses  frequently  evi- 
dence can  only  be  obtained  by  applying  force  until  injury  results,  for 
elastic  deformation  up  to  this  point  is  practically  unaffected  by  their 
presence.  Only  occasionally  may  they  be  discovered  through  acoustic 
or  optical  tests  which 'are  not  injurious. 

The  origins  of  these  self-balancing  or  **  primary**  stresses  and  strains 
are  numerous,  but  include  among  the  more  important  the  unequal  effects 
of  temperature,  the  cold  working  of  metals  and  the  tightening  of  parts 
(as  nuts,  screws,  and  wedges),  in  the  making  of  built-up  constructions. 
They  occur  with  such  frequency  and  their  importance  from  the  point  of 
view  of  strength  is  such  that  they  demand  a  closer  study  than  has  hither- 
to been  given  them,  their  clear  definition,  and  the  statement  of  the 
general  laws  to  which  they  are  subject.    This  is  the  object  of  this  paper. 

The  true  or  absolute  stresses  and  strains  in  any  body  are  composed  of 
two  parts,  one  the  primary  stresses  and  strains  just  mentioned,  the  other 
the  changes  in  stress  and  strain  due  to  applied  forces.  Only  the  latter 
are  ordinarily  considered  by  the  theorj'  of  elasticity. 

The  primar}'  stresses  must  make  the  resultant  stress  on  any  complete 
section  zero.  This  leads  to  three  differential  (interior)  and  three  ordinary 
(surface)  equations  of  equilibrium,  to  which  primary  stresses  are  subject. 
They  must  satisfy  these,  they  need  satisfy  no  others.  But  this  leaves 
primary  stresses,  and  therefore  also  true  or  absolute  stresses,  indeter- 
minate. Such  is  actually  the  case.  The  theory  of  elasticity  alone  does 
not,  can  not  define  the  actual  state  of  stress  and  strain  in  any  r«al  body. 

The  detennination  of  the  actual  values  of  primary  or  of  absolute  stresses 
and  strains  is  possible  only  by  obser\-ation.  Occasionally  acoustic  or 
optical  ol)servations  \\\\\  suffice.  But  generally  nothing  short  of  cutting 
the  bdly  into  pieces  and  noting  the  forces  and  strains  necessary  to  restore 
these  pieces  to  their  original  proportions  would  give  us  the  required  in- 
formation. 

Pnictically  such  an  operation  will  rarely  be  admissible.  We  must  make 
the  best  assumption  we  can  as  to  the  actually  existent  state  of  stress  and 
strain  under  some  known  conditions  and  thence  deduce  the  states  of  stress 
and  stniin  for  all  other  circumstances  by  application  of  the  usual  methods 
of  the  thei>ry  of  elasticity  for  determining  changes  of  stress  and  stxain  due 
10  given  changes  of  applieil  forces.  In  this  work  our  equations  for  pri- 
mary and  aK^>lute  stresses  and  strains  ser\e  simply  as  guides,  furnishing 
criteria  as  to  |H>ssible  states  of  stress  and  strain. 

Simple  and  interesting  applications  of  the  principles  of  primary  and 
abs*.>lute  stresses  and  strains  are 
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The  hollow  cylinder  of  infinite  length  and  uniform  tangential  stress 
under  internal  pressure ; 

The  rectangular  beam  with  stresses  varying  otherwise  than  as  the  dis- 
tance from  the  neutral  axis ; 

The  circular  shaft  with  stresses  varying  otherwise  than  as  the  distance 
from  the  axis. 

These  illustrations  show  how  suitably  distributed  primary  stresses  in- 
crease the  ultimate  resistance  and  how  such  distribution  may  be  induced 
by  overstrain. 

Frameworks  furnish  further  interesting  illustrations. 

The  masonry  arch  and  its  true  line  of  resistance  thereby  becomes  ex- 
plicable. 

Finally  many  things  in  speculative  science  take  new  shape  and  become 
comprehensible  by  aid  of  the  idea  of  primary  and  absolute  stresses.  Such 
is  the  case  with  the  problem  of  the  stresses  and  strains  in  the  earth's  in- 
terior. 

There  remain  some  special  considerations  among  which  we  note 

That  primary  stresses  and  strains  differ  in  character  in  no  wise  from 
other  stresses  and  strains  (that  is,  those  due  to  applied  forces). 

That  the  proportionality  of  stress  to  strain  (Hooke's  law)  explains  why 
distortions  due  to  applied  forces  are  practically  independent  of  the  pre- 
existence  and  character  of  primary  stresses  and  strains. 

That  the  possibility  of  innumerable  solutions  of  the  equations  of  abso- 
lute stress  and  strain  in  no  wise  is  in  contradiction  to  Kirchoff 's  demon- 
stration of  the  uniqueness  of  solution  of  the  equations  of  elasticity,  for 
that  demonstration  refers  only  to  changes  in  stress  and  strain  due  to  ap- 
plied forces. 

That  primary  and  therefore  also  absolute  strains  are  subject  to  no  con- 
ditions of  compatibility  such  as  limit  changes  in  strain,  whose  sums  be- 
tween two  points  must  be  the  relative  displacement  of  one  point  with  re- 
spect to  the  other. 

And  that  changes  in  structure  which  frequently  accompany  the  creation 
of  primary  stresses,  are  not  necessary  to  them. 

The  final  conclusions  are  that — 

Primary  stresses  are  limited  and  /i  mi  ted  only  (csLpsicity  for  physical 
resistance  apart)  to  such  as  will  satisfy  the  general  differential  and  sur- 
face equations  of  equilibrium ; 

Primary  strains  are  limited  and  limited  only  by  the  equations  result- 
ing from  these  through  the  application  to  them  of  the  stress-strain  rela- 
tions which  are  true  for  the  material  and  body  under  consideration  ; 

Primary  stresses  and  strains  are  not  determinate  purely  by  mathemat- 
ics. True  or  absolute  stresses  and  strains  (of  which  primary  stresses 
and  strains  are  a  component)  are  limited  but  limited  only  and  are  not 
and  can  not  be  defined  and  determined  through  the  equations  of  the 
theory  of  elasticity  alone. 


I40  SECTION  D. 

Discussion  of  the  Report  of  Committee  No.  i,  of  the  *•  American 
Section  of  the  International  Association  for  Testing  Ma- 
terials "  ON  Specifications  for  Wrought  Iron  and  Steel. 
[Bulletins  Nos.  8-i8.]  Led  by  Prof.  Mansfield  Merriman, 
C.E.,  Chairman  of  the  American  Section,  Lehigh  Uni^^ersitj-,  South 
Bethlehem,  Pa. 

1.  The  processes  of  manufacture. 

2.  Chemical  composition. 

3.  Elastic  limit  and  yield  point. 

4.  Ultimate  strength,  elongation,  and  contraction  of  ar«a. 

5.  The  test  specimens  recommended. 

6.  Impact  tests. 

7.  Other  proposed  requirements. 


The  Frictional  Losses  in  a  Locomotive.  By  Frank  C.  Wagner, 
Rose  Polytechnic  Institute,  Terre  Haute,  Ind. 

The  question  as  to  what  proportion  of  the  power  developed  in  the  steam 
cylinders  of  a  locomotive  is  used  to  drive  the  locomotive  itself  and  the 
tender,  does  not  seem  to  have  been  fully  investigated.  Kent,  in  his 
"  Mechanical  Engineers'  Pocket  Book,*'  quotes  two  experiments,  one  in 
France  and  the  other  in  this  country,  in  which  57  and  58  per  cent., 
respectively,  of  the  indicated  horse-power  in  the  steam  cylinders  is  used 
within  the  locomotive  itself. 

Of  course,  the  whole  question  depends  upon  the  relation  between  the 
weight  of  the  locomotive  and  the  weight  of  the  train  which  it  hauls.  It 
does  not  seem  possible  that  the  above-quoted  tests  can  fairly  represent 
average  conditions.  If  in  these  tests  the  weight  of  the  engine  and  tender 
was  about  equal  to  that  of  the  train  hauled,  then  the  results  are  approx- 
imately what  would  be  expected.  But  with  the  ordinary  elation  between 
the  weights  of  the  locomotive  and  its  train  for  freight  service,  where  the 
weight  of  engine  and  tender  is  from  15  to  20  per  cent,  of  the  total  weight, 
it  does  not  seem  reasonable  that  so  much  as  50  per  cent,  of  the  indicated 
power  is  used  in  propelling  the  locomotive  and  in  engine  friction. 

One  great  difficulty  in  attacking  the  problem  by  the  methods  ordinarily 
used,  namely  by  taking  indicator  cards  and  comparing  with  the  draw-bar 
pull,  lies  in  the  continual  variations  both  of  the  work  in  the  cylinders  and 
of  the  draw-bar  pull.  This  is  due  to  irregularities  in  the  track  and  to  the 
inertia  of  the  locomotive  and  train,  and  is  generally  unavoidable. 

During  the  past  few  years,  the  writer  has  had  occasion  to  supervise 
some  locomotive  tests  made  by  students  of  the  Rose  Polytechnic  Institute, 
in  which  the  power  developed  in  the  steam  cylinders  was  measured  by  in- 
tegrating indicators  and  the  draw-bar  pull  was  determined  by  a  recording 
traction  dynamometer.  It  is  believed  that  the  results  obtained  in  this 
way,  including  as  they  do  all  the  variations  due  to  ^y  cause,  will  give 
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more  nearly,  than  do  the  ordinary  methods,  the  actual  average  percent- 
age of  the  total  power  which  is  consumed  within  the  locomotive  itself. 

The  integrating  indicators  used  were  the  ones  shown  by  Dr.  T.  Gray  at 
the  meeting  of  the  Association  in  1896,  also  illustrated  and  described  in 
WiQ  J^ailroad  Gazette  ior  August  12,  1898.  The  traction  dynamometer 
was,  in  one  case  the  dynamometer  car  of  the  Chicago,  Milwaukee  and  St 
Paul  R.  R.,  kindly  loaned  for  the  purpose  of  the  test ;  and  in  the  other 
case,  a  dynamometer  built  by  Messrs.  J.I.  Brewer  and  C.  J.  Larson  of  this 
year's  graduate  class  at  the  Rose  Polytechnic  Institute.  This  latter  dynam- 
ometer was  constructed  so  far  as  the  springs  and  recording  mechanism 
are  concerned  like  the  one  described  by  Dr.  T.  Gray  at  the  1898  meeting 
of  this  association.  That  is,  the  draw-bar  was  attached  to  a  central  plate, 
on  either  side  of  which  was  a  pair  of  springs  held  by  suitable  plates  and 
core  pieces.  The  end  bearing-plates  were  drawn  together  by  nuts  on  the 
core  pieces  or  rods  until  all  the  springs  were  compressed  to  one-half  their 
greatest  load.  In  this  way  the  zero  point  was  very  well  defined.  When  a 
pull  was  exerted  on  the  draw-bar,  one  pair  of  springs  would  be  still  further 
compressed,  while  the  other  pair  would  be  relieved  of  a  part  of  its  pres- 
sure and  would  be  relatively  extended.  The  motion  of  the  draw-bar  was 
multiplied  by  a  suitable  lever  carrjang  a  pencil  and  recording  the  deflec- 
tion of  the  springs  upon  a  traveling  strip  of  paper.  The  strip  of  paper 
was  moved  by  a  drum  driven  from  the  car  axle  so  that  the  distance 
traveled  by  the  paper  corresponded  exactly  with  the  space  passed  over  by 
the  car.  A  fixed  pencil  was  set  to  give  a  reference  line  corresponding  to 
zero  deflection.  A  clock  mechanism  combined  with  an  electromagnet  re- 
corded upon  the  moving  paper  equal  intervals  of  time. 

To  work  up  the  dynamometer  record,  the  area  included  between  the 
reference  line  and  the  line  marking  the  spring  deflection  was  determined 
as  follows :  The  strip  whose  area  was  to  be  determined  was  cut  out  and 
carefully  weighed.  At  the  same  time  another  strip  of  measured  width 
and  length  was  cut  out  of  the  same  piece  of  paper  and  as  close  as  possible 
to  the  record  strip.  Thus  the  weight  of  one  square  inch  of  the  paper  was 
determined  and  from  this  the  area  of  the  record  strip  could  be  easily 
calculated.  To  calibrate  the  dynamometer  the  entire  instrument  was 
placed  in  a  Riehl^  testing  machine  and  calibrated  directly. 

The  tests  made  with  the  dynamometer  just  described  have  not  been 
completed,  so  that  definite  data  cannot  be  given.  Enough  has  been  done, 
however,  to  indicate  very  strongly  that  in  ordinary  freight  service  the 
power  used  to  drive  the  locomotive  and  tender  and  to  overcome  the  fric- 
tional  resistance  of  the  mechanism  instead  of  being  50  per  cent,  and  over, 
is  from  10  to  35  per  cent,  of  the  total  power  developed  in  the  steam 
cylinders. 

It  would  seem  that  the  rolling  and  journal  friction  of  a  locomotive 
ought  not  to  be  greater  than  that  of  the  cars  composing  the  train.  If  it 
be  considered  equal,  then  the  total  work  consumed  in  the  locomotive 
should  be  the  sum  of  an  allowance  to  cover  rolling  and  journal  friction 
plus  the  frictional  work  of  the  engine  mechanism. 
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In  one  of  the  tests  made  the  weight  of  the  locomotive  and  tender  was 
16  per  cent,  of  the  total,  while  the  power  consumed  within  the  locomotive 
and  tender  was  from  30  to  33  per  cent,  of  the  total  indicated  horse-power. 
If  the  resistance  of  the  locomotive  to  being  moved  over  the  track  be  taken 
at  the  same  number  of  pounds  per  ton  as  for  the  cars,  then  the  work  re- 
quired to  move  the  locomotive  over  the  track  was  about  13  per  cent,  of 
the  total  power,  leaving  nearly  20  per  cent,  for  the  friction  of  the  engine 
mechanism. 


An  Experimental  Study  of  the  Temperature  Cycle  of  the  Steam 
Engine  and  of  the  Cylinder  Head.  By  Albert  Barnes, 
M.  M.  E.,  Clemson  College,  S.  C. 

Nearly  a  century  and  a  quarter  has  elapsed  since  Watt  introduced  his 
double  acting  steam  engine  to  the  commercial  world,  then  in  a  crude  and 
unsatisfactory'  form,  but  nevertheless  an  ingenious  and  novel  piece  of 
machinery.  Since  that  time  the  engine  has  developed  by  improved 
design,  and  scientific  treatment,  with  modern  methods  of  construction,  to 
the  splendid  models  of  to-day.  In  spite  of  the  improvements  made  upon 
the  engine  by  the  many  engineers  and  builders  who  have  devoted  their 
energies  to  steam  engine  design  and  construction,  the  closing  century 
finds  this  great  prime  mover  an  enormously  wasteful  means  of  transform- 
ing heat  energy  into  mechanical  power.  The  heat  losses  in  the  engine, 
that  produce  this  low  efficiency,  are  of  two  classes  :  known  as  external 
wastes,  arising  from  conduction  and  radiation  from  the  heated  parts,  and 
internal  wastes,  which  deal  with  the  losses  of  heat  within  the  cylinder 
itself. 

These  internal  losses  may  be  subdivided  into  the  thermodynamic  i.  ^., 
heat  remaining  in  the  steam  at  the  lower  temperature  of  the  working 
fluid  and  rejected  during  exhaust ;  and  that  of  internal  condensation, 
which  is  the  storage  of  heat  by  the  cylinder  metal  during  the  early  part  of 
the  stroke  and  its  rejection  during  exhaust.  Of  these,  Dr.  Thurston  says, 
'•  Since  it  is  easy  to  prevent  serious  losses  by  external  transfers  of  heat, 
and  since,  as  is  well  understood,  the  thermodynamic  waste  is  unavoidable, 
and  for  any  given  case  unalterable  by  the  engineer,  it  is  obvious  that  the 
direction  in  which  he  must  look  in  his  endeavor  to  further  improve  the 
economical  performance  of  the  engine,  is  that  which  leads  toward  the  re- 
duction of  internal  wastes  by  cylinder  condensation." 

The  surfaces  affected  by  the  waste  of  cylinder  condensation,  are  the 
cylinder  heads,  the  faces  of  the  piston,  the  surfaces  of  all  steam  passages, 
and  clearance  spaces,  in  fact,  all  surfaces  that  are  exposed  to  the  range  of 
temperature  between  the  boiler  steam  and  the  exhaust.  The  reduction  of 
this  loss  is  a  perplexing  problem,  and  its  solution  has  offered  a  promising 
field  for  investigation  from  the  fact  that  it  has  an  importance  to  all  steam 
users,  and  that  comparatively  few  investigators  have  as  yet  offered  prac- 
tical means  for  its  remedy. 
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The  general  mode  of  heat  transfer  has  been  well  understood,  but  the 
exact  cycle  of  temperature  at  the  surface  of  the  metal  of  the  inner  wall  of 
the  cylinder  and  within  the  cylinder  walls  themseh'es,  has  not  been 
determined  with  any  great  degree  of  accuracy.  It  was  with  a  view  of 
throwing  a  little  more  light  on  this  subject,  and  furnishing  infonnation 
based  on  experiments,  as  to  the  form  of  the  cycle,  that  this  investigation 
was  undertaken. 

In  the  study  of  a  problem  of  this  nature,  involving  many  variables,  it  is 
necessary  to  conduct  several  series  of  experiments  in  each  of  which  there 
shall  be  but  one  variable,  the  other  factors  remaining  constant.  We  may 
also  study  the  cycle  of  the  steam  as  it  is  found  in  the  cylinder  by  com- 
parison vrith  the  indicator  card,  then  trace  the  heat  cycle  at  the  surfaces 
of  the  metal  walls,  and  on  within  the  cylinder  walls  themselves  until  the 
diagram  fades  away  at  the  nearest  point  of  constant  temperature. 

In  the  study  of  these  cycles,  we  may  expect  that  the  general  form  of  the 
cycle  will  be  the  same,  except  that  changes  will  be  fainter  and  less  pro- 
nounced as  the  heat  charges  go  a  greater  depth  below  the  surface.  Thus 
by  tracing  the  cycle  from  that  of  the  steam ,  to  that  at  the  surface  of  the 
cylinder  walls,  and  to  within  the  metal  itself,  we  can  determine  the  depth 
to  which  these  variations  of  heat  penetrate,  and  how  this  depth  and  tem- 
perature range  is  affected  by  varj-ing  steam-pressures,  speeds,  and  internal 
finish  of  the  cylinder  surfaces.  We  may  well  consider  at  this  point  some 
of  the  requisites  for  a  successful  method  of  research  along  these  lines. 

Since  it  is  evident  that  the  heat  changes  are  as  numerous  as  the  strokes 
of  the  engine  per  minute,  and  that  it  is  impossible  to  read  them  Mvnth  the 
eye  upon  a  thermometer  or  similar  instrument,  some  device  must  be  used 
that  is  extremely  sensitive  to  heat  variation,  and  will  follow  the  heat 
changes  with  unerring  accuracy.  Then  some  means  must  be  employed  to 
record  the  pulsations  and  preserve  them  for  use. 

For  the  steam  cycle,  the  steam  engine  indicator  has  been  perfected,  and 
furnishes  a  diagram  of  the  work  done  in  the  cylinder,  and  shows  the 
effective  steam-pressure  acting  upon  the  piston  at  any  point  of  the  stroke. 
For  the  heat  cycle  there  should  be  some  device  that  should  give  similar 
information  as  to  the  heat  in  the  steam,  or  in  the  walls  of  the  cylinder,  at 
any  point  of  the  stroke. 

A  comparison  of  the  steam  diagram  aii^  the  heat  diagram  would  then 
furnish  interesting  data,  and  reveal,  in  graphic  form,  the  effect  of  cylinder 
condensation  upon  the  working  fluid.  From  such  diagrajiis  one  could 
readily  note  the  part  of  the  stroke  during  which  heat  was  abstracted  from 
the  steam,  and  the  portions  during  which  it  was  restored.  The  effect  of 
changes  in  speed  and  steam-pressure,  point  of  cut  off  could  also  be  deter- 
mined. The  experiments  conducted  by  the  writer  upon  this  subject  have 
extended  over  a  period  of  four  years  and  are  more  a  series  of  failures  than 
a  record  of  successes. 

After  a  careful  study  of  the  metho<is  of  previous  research  workers,  it 
was  deemed  best  to  employ  the  following  method  :  an  iron  wire  of  high 
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electrical  resistance  to  be  placed  in  the  fluctuating  temperature,  and  con- 
nected in  shunt  with  a  delicate  galvanometer  of  peculiar  design.  The 
galvanometer  to  be  of  the  mirror  type,  and  reflect  a  ray  of  light  upon  a 
scale  behind  which  a  photographic  plate  was  to  be  moved  by  the  reducing 
motion  of  the  engine.  Current  to  be  supplied  from  storage  batteries  with 
a  large  non-inductive  resistance  in  series,  and  the  galvanometer  coils  to 
be  so  designed  that  under  normal  conditions,  one-half  of  the  current  would 
flow  through  each  side  of  the  shunt,  i.  e.y  the  resistance  of  the  galvanom- 
eter coils  to  be  equal  to  that  of  the  iron  wire  used  in  the  temperature, 
the  galvanometer  thus  acting  as  an  ammeter  and  giving  reading  of  cur- 
rent rather  than  voltage.  Since  the  resistance  of  iron  has  a  fixed  value 
for  any  particular  temperature  and  the  electrical  resistance  increases  at  a 
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Fig.  I. 

definite  rate  for  each  degree  ri|p  of  temperature,  it  is  evident  that  if  the 
teniiKTature  of  the  iron  wire  is  increaseil,  its  resistance  becomes  greater 
and  less  current  will  flow  in  that  branch  of  the  shunt.  As  the  total  cur- 
rent in  the  main  circuit  is  practically  the  same,  when  there  is  a  decrease 
of  current  in  the  iron  wire  due  to  increaseil  temperature,  there  is  a  corre- 
six>nding  increase  of  current  in  the  shunt  containing  the  galvanometer, 
and  a  cv>nresi>.>nding  deflection  of  the  galvanometer  needle.  The-anaiige- 
xnent  of  ap|>4iratus  is  shown  in  Fig.  i .  S  represents  the  storage  cells,  R^ 
the  in>n  resistance  wire  in  the  temperature  to  be  measured,  R,  a  large  non- 
inductive  resistance  in  series  with  the  storage  cells,  G  the  galvanometer 
in  shunt  with  the  resistance  Ri. 
The  resistance  Rj  was  many  times  as  large  as  the  resistance  R],  so 
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that  the  small  additional  resistance  in  Rj  due  to  the  change  of  tempera- 
ture should  not  affect  the  total  current  in  the  circuit. 

In  the  experiments,  the  resistance  in  series  with  the  batteries  was  240 
ohms,  the  resistance  of  each  arm  of  the  shunt  2  ohms,  and  the  volt- 
age 120.  The  variation  of  the  total  current  when  the  temperature  was 
150°  F.  to  that  when  the  temperature  was  307°  F.  was  0.00018  ampere, 
while  the  current  employed  was  practically  one-half  ampere,  or  about 
one-third  per  cent.  The  galvanometer  used  in  these  experiments  is  of 
special  interest,  and  to  it  is  due  whatever  results  have  been  secured.  A 
galvanometer  for  this  work  must  have  certain  features,  among  which 
are,  a  very  light  needle  capable  of  motion  with  but  little  inertia,  since 
in  its  rapid  movements  its  momentum  would  tend  to  carry  it  beyond 
the  position  due  to  the  deflecting  force  and  would  introduce  an  error 
not  easily  corrected  ;  it  must  be  extremely  sensitive  to  small  variations 
of  current,  for  from  the  nature  of  the  work  only  light  current  values 
can  be  used  ;  it  must  be  of  such  form  that  its  readings  will  not  be  in- 
fluenced by  masses  of  iron  near  it,  since  it  is  to  be  used  in  the  neigh- 
borhood of  engines  and  other  masses  of  magnetic  material.  To  secure 
an  instrument  that  should  embody  all  these  qualities  was  a  difficulty 
that  prevented  many  of  the  earlier  investigators  from  achieving  suc- 
cess. 

The  writer  tried  many  types,  but  without  success,  one  that  seemed 
to  promise  the  best  solution  was  an  ordinary  telephone  receiver  with 
a  system  of  levers  by  which  the  motion  of  the  diaphragm  was  multi- 
plied, but  as  this  had  many  errors  due  to  the  numerous  joints  of  the 
levers,  it  shared  the  fate  of  others  and  was  abandoned  after  weeks  of 
toil  and  experiment.  Finally  a  galvanometer  of  the  Department  of 
Physics,^  which  had  been  designed  by  Mr.  Hotchkiss,  was  secured  and 
gave  the  first  evidence  of  satisfactory  results.  An  instrument  owned 
l)y  the  university  was  first  used  and  then  later  one  was  constructed  by 
the  writer  for  the  special  work  of  this  investigation  and  was  employed 
for  the  rest  of  the  experiments.  As  this  type  of  instrument  is  probably 
the  only  one  that  can  be  used  with  success,  a  description  of  it  may  not 
be  out  of  place  at  this  point.  Its  general  form  is  shown  by  the  view 
in  Fig.  2,  and  will  be  seen  to  consist  of  a  large  permanent  magnet 
with  a  very  small  needle  suspended  between  its  poles,  the  needle  being 
surrounded  by  a  coil  of  fine  wire.  The  needle  is  composed  of  a  minute 
piece  of  soft  iron  with  a  small  mirror,  a  millimeter  in  length,  fastened 
upon  it.  The  needle  was  suspended  by  a  fine  quartz  -fiber,  held  in 
place  between  the  magnet  poles  by  small  brass  rods.  The  coil  of  wire, 
surrounding  the  needle  produced  a  field  at  right  angles  to  that  of  the 
permanent  magnet,  and  under  these  conditions  the  needle  had  a  po- 
sition depending  upon  the  relative  strength  of  the  two  forces. 

To  record  the  readings  of  this  galvanometer  a  ray  of  light  was  thrown 
on  the  mirror  and  the  reflected  ray  fell  upon  a  horizontal  slit,  on  the 
1  Cornell  University,  Ithaca,  N.  Y. 
10 


146 


SECTION   D. 


back  side  of  which  a  sensitive  photographic  plate  was  moved  up  and 
down  by  the  reducing  motion  of  the  engine.     This  should  give  a  card 


Fig.  2. 

in  which  the  temperatures  were  the  ordiuates  instead  of  the  pressures 
as  in  the  indicator  card. 

The  galvanometer  showed  upon  test  to  give  practically  the  same 
deflection  for  equal  increments  of  temperature,  and  it  was  assumed  in 
this  investigation  that  the  deflections  could  be  taken  as  measures  of 
temperature. 

In  using  the  apparatus,  it  was  placed  in  a  closed  lx)x,  with  guides  on 
the  end  for  the  photographic  plate  holder.  When  in  use  this  tx)x  was 
placed  near  the  engine  and  the  recording  apparatus  connected  to  the  re- 
ducing motion. 

When  this  portion  of  the  apparatus  had  been  perfected,  the  next  step 
was  to  place  the  temperature  wire  in  position,  a  thing  much  easier  said 
than  done,  as  the  experience  of  several  months  proved.  The  first  plan 
was  to  place  the  wire  in  the  steam  of  the  cylinder  and  then  take  diagrams 
simultaneously  with  the  indicator  cards.  There  were  many  methods  at- 
tempted to  accomplish  this  result,  and  a  mention  of  the  failures,  as  well  as 
of  the  successes,  may  be  of  value.  To  place  the  wire  in  the  steam  and 
have  it  record  the  temperature  of  the  steam  without  being  influenced  by 
the  walls  required  that  the  wire  should  be  supported  at  some  distance  from 
the  metal  surfaces.  To  secure  this,  a  new  cylinder  head  was  obtained 
and  the  inner  face  planed  off  one-fourth  of  an  inch.  In  this  additional 
clearance  space  the  temperature  wire  and  fastenings  were  placed.  In  one 
trial  a  series  of  holes  were  drilled  into  the  cylinder  face  and  a  number  of 
small  wooden  pegs  driven  into  them,  and  then  through  the  ends  of  these, 
as  supports,  the  wire  passed  and  the  ends  carried  out  through  the  center 
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of  the  head.  In  all  the  work  done  in  this  research  great  care  was  taken 
to  have  so  far  as  possible  the  same  resistance  in  the  circuit,  and  to  this 
end  all  joints  were  soldered.  The  wooden  pegs  were  fairly  satisfactory 
until  they  became  saturated  with  moisture  and  lost  their  insulating  prop- 
erties. Then  iron  studs  were  substituted  with  a  hole  in  the  end  of  each 
filled  with  "micanite"  and  the  wire  passed  through  it.  This  was  not  a 
success,  and  finally  the  best  conditions  were  secured  by  placing  a  sheet  of 
mica  on  the  inner  face  of  the  cylinder  head,  with  several  small  strips  of 
mica  at  the  two  ends.  Then  across  these  the  resistance  wire  was  laid  and 
the  ends  of  the  loops  held  down  by  a  hard  wood  fiber  ring  placed  over 
them  and  secured  by  screws.  On  the  larger  engines  it  was  not  conve- 
nient to  place  this  apparatus  on  the  cylinder  head  itself  and  a  plug  was  de- 
vised to  be  placed  in  the  center  of  the  head  and  to  have  the  apparatus  on 
it.  For  each  engine  a  new  head  was  secured  and  a  three-inch  hole  drilled 
to  receive  the  plug.  On  the  outside  the  plug  was  secured  by  a  collar  and 
a  large  nut.  This  arrangement  allowed  various  forms  of  resistance  to  be 
tried  and  it  was  only  necessary  to  stop  the  engine  long  enough  to  with- 
draw one  plug  and  insert  another. 

To  calibrate  the  apparatus  and  determine  a  scale  for  finding  the  temper- 
ature corresponding  to  any  deflection,  a  jacket  was  made  into  which  the 
plug  could  be  placed  and  brought  to  any  temperature  by  dry  steam. 
From  the  scale  thus  determined  a  set  of  ordinates  were  obtained  that  fur- 
nished a  scale  of  temperature  for  each  set  of  temperature  cards  taken. 

All  steam  used  in  these  experiments  was  passed  through  a  separator 
and  its  quality  noted.  In  no  case  was  there  as  much  as  i  per  cent,  of 
moisture  in  the  steam  used. 

The  first  of  these  experiments  were  made  at  Cornell  University  in  the 
early  part  of  the  year  1895.  In  these,  a  10  H.  P.  Payne  engine  in  the 
Mechanical  Laboratory  was  employed.  In  the  later  experiments,  at 
Clemsoih  College,  a  Harris-Corliss  non-condensing  85  H.  P.  engine  was 
used,  and  a  few  trials  made  upon  a  small  6  H.  P.  Erie  throttling  engine 
in  the  laboratory. 

The  method  used  in  each  experiment  was  as  follows  :  The  connections 
were  made,  the  arc  lamp  adjusted,  the  engine  started  and  loaded  for  the 
work  in  hand.  When  the  conditions  were  uniform  and  the  usual  condi- 
tions present,  a  record  was  taken  of  the  temperature  cycle  by  uncovering 
the  recording  apparatus  for  one  revolution,  and  simultaneously  taking  an 
indicator  card. 

In  one  card  obtained  upon  the  Payne  engine  at  60  pounds  steam  and  at 
100  revolutions  per  minute,  difference  between  the  two  diagrams  will  be 
noted.  While  the  steam  pressure  was  a  maximum  at  the  beginning  of 
the  stroke  the  cold  walls  of  the  cylinder  so  chilled  the  steam  that  the 
maximum  temperature  was  not  reached  until  29  per  cent,  of  the  stroke  to 
the  point  of  cut-off,  or  7.5  per  cent,  of  the  whole  stroke  had  been  passed 
over. 

By  calibration  it  was  found  that  for  this  card  one  inch  of  the  ordinate 
was  equal  to  214^  F.,  or  for  each  o.oi  inch  was  equal  to  2|°  F.     By  refer- 
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ence  to  the  indicator  card  it  is  seen  that  the  pressure  at  cut-oif  is  25  lbs. 
by  the  gauge,  and  at  release  is  10  lbs.  or  a  drop  of  15  lbs.  during  expan- 
sion, which  is  equivalent  to  27.3^  F.  By  measuring  the  corresponding 
points  of  the  temperature  diagram,  a  drop  of  28°  is  noted.  On  the  return 
stroke,  the  indicator  diagram  shows  a  constant  back  pressure  of  4  lbs.  be- 
lovv  the  atmosphere  or  a  temperature  of  197°  F.  However,  the  tempera- 
ture diagram  shows  a  drop  of  16°  F.  during  this  same  period.  In  another 
card  measured  it  was  found  that  only  1.5  per  cent,  of  the  total  stroke  was 
passed  over  before  the  maximum  temperature  was  reached.  The  point  of 
cut-off  was  at  |  stroke  and  the  compression  early. 

These  measurements  indicate  that  for  engines  of  short  stroke  and  mod- 
erate speeds,  condensation  takes  place  for  a  short  portion  of  the  stroke 
inmiediately  following  admission ,  and  that  heat  is  taken  from  the  steam 
to  warm  up  the  cylinder  surfaces,  thereby  lowering  the  temperature  of  the 
steam,  although  the  pressure  remains  the  same. 

On  the  return  stroke,  to  the  point  of  compression,  the  back  pressure  is 
a  constant  quantity,  while  the  temperature  of  the  cylinder  is  decreasing 
at  a  practically  uniform  rate.  On  the  diagram  the  temperature  has  fallen 
iS**  F.  during  this  period.  During  compression,  the  indicated  pressure 
rises  from  10  lbs.  to  24  lbs.  absolute,  which  is  a  temperature  change  of  44** 
V.  The  temperature  diagram  reveals  a  temperature  rise  of  36"  F.  In  a 
few  cards  taken  at  the  surface  of  the  iron  the  same  general  form  was  ob- 
sorveil.  but  a  slight  variation  was  noted  in  the  exhaust  line,  which 
tendevl  to  a  slight  rise  just  after  the  return  stroke  began. 

In  reganl  to  this  condition  of  the  exhaust  line  Cotterill  in  his  work» 
"The  Steam  Kngine.'*  says:  *'In  the  steam  cylinder  at  release  the  internal 
surface  is  prv>l»aWy  in  most  cases,  still  covered  wholly  or  in  part,  with  a 
|H>riion  of  the  tilm  of  water  deposited  by  initial  condensation.  The  sud- 
den tall  of  prt^ssure  on  exhaust  is  necessarily  accompanied  by  a  corre- 
six^ndiuj;  fall  of  toniperature.  which,  on  account  of  its  suddeiiness,  pene- 
traios  iho  mcial  hut  a  very  little  distance.  Heat,  therefore,  flows  out  with 
i:r\\u  rapivlity  atul  the  rvevaiv^ration  of  the  remaining  water  may  be  sup- 
|xv;i\i  to  N"  nearly  instantanev^us.  when  the  amount  is  not  too  great. 
The  !lo\v  of  heat  wi*l  *>e  v^l^struote^l  as  soon  as  the  surface  becxnnes  dry 
and  the  tall  of  te:uivra:un>  of  the  surface  will  therefore  be  momentary 
ojtIv,  Vi:*j:  tollowevl  by  a  raind  ri^^c.  the  dr>-  surface  having  then  a  tern- 
iv:a:','.!v  ovMisi.leiaMy  aN^ve  tV.o  exV.aus:  temperature.  During  the  return 
NttONO.  till  vV'.v.vTvss:o!».  Vj;:i:s.  tl\e  vlry  surao*  will  lose  heat  at  a  rate 
>\*v,vV.  w.ll  V  v.'.oivaseN'.  S\  the  a^-.tatior.  v^:  the  steam,  the  suddenness  with 
wlv.oV,  tV.o  ew'.^t  tvv^k  •y.asV.  a*.',.;.  v-o-.iVtlessk  also  by  the  moistnxe  pro- 
.V.uw-  *'\  xV'Atisv'.o-.'  wlv.oh  !v:*..le:s  :lu*  aSA.-ry::v»a  of  heat  greater  and 
ivovv  '.av'J.    ■ 

lo  -'vvx'.^x**'^^  tV.o  slovt^.  to  x^V,.xV.  t>.c  >.eA:  variatios  penetrated,  and  to 
;V./.x  :i\  ;V.o  ,U'.^tV,  ot  vu-iV.  atIvvVsV,  V\  :>.v-^  :::tema:  w:fesces^  was  the  next 
i^iv^'^* X -. '  I ',  \\  i>  \- \-.s\xvN-  ; .•  V  v.^ : V  * '  x-As;  .^ :-oi-  shcKs  Vcween  the  steam 
.u^l  ;^o  ;x"»:vv:a,xvv  .»i^v\i:;i;;^x  isl  ;o  ,v---vsh  the  t^tick^eas  <rf  the  metal 
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until  a  point  was  reached  where  the  galvanometer  indicated  a  periodic 
variation  in  unison  with  the  stroke  of  the  engine.  To  carry  out  this 
plan  the  temperature  plug  in  Fig.  2  was  devised.  It  consisted  of  a  plain 
cast-iron  cylinder  7\  inches  in  diameter,  over  which  was  fitted  a  cap  of 
cast-iron,  with  sides  J  inch  and  a  bottom  J  inch  thick.  These  two  parts 
were  made  a  close  fit,  and  the  end  of  the  plug  covered  by  the  cap  was 
made  a  ground  joint  with  the  cap  itself.  A  }  inch  hole  was  drilled 
through  the  cylinder  along  its  axis  and  another  near  the  edge  of  the 
cylinder,  parallel  to  the  first.  In  assembling  the  apparatus,  a  sheet  of 
mica,  0.002  inch  thick  was  placed  upon  the  end  of  the  cylinder,  then  the 
temperature  vnre  was  passed  in  through  the  hole  in  the  axis  of  the  plug 
and  coiled  in  the  form  of  a  spiral  on  the  mica  sheet,  the  end  being  taken 
out  through  the  other  hole  in  the  plug.  When  another  mica  sheet  had 
been  placed  over  the  wire,  the  cap  was  placed  in  position  and  secured  by 
three  set-screws  in  the  sides  of  the  apparatus. 

The  apparatus  was  faced  off  in  a  lathe  to  a  thickness  of  0.376  inch  of 
iron  between  the  temperature  wire  and  the  inner  face,  which  was  exposed 
to  the  steam.  Eighteen  inches  of  No.  34  B.  and  S.  iron  vnre  were  used 
in  the  resistance  of  this  apparatus.  The  sheets  of  mica  were  0.002  inch 
thick,  but  by  observing  one  of  the  plugs  that  was  dismantled,  it  was 
found  that  the  wire  had  cut  into  the  mica  so  that  we  could  assume  that 
not  more  than  o.ooi  inch  of  mica  separated  the  temperature  wire  from 
the  metal. 

This  apparatus,  it  is  believed,  eliminated  all  errors,  and  placed  the 
means  of  determination  at  any  desired  depth  beneath  the  surface  of  the 
cylinder  walls. 

To  know  the  depth  of  metal  it  was  only  necessary  to  subtract  the 
amount  removed  from  the  face  since  the  plug  was  completed.  The  exact 
amounts  of  metal  removed  each  time  were  carefully  noted  —  measure- 
ments being  taken  before  and  after  the  plug  had  been  placed  in  the 
shaper. 

Starting  with  a  thickness  of  j  inch  of  metal,  the  wall  was  successively 
reduced  by  nearly  equal  increments.  Bach  time,  the  apparatus  was  con- 
nected up  in  the  same  manner  and  the  same  strength  of  current  em- 
ployed. 

The  steam  pressure  was  constant  at  98  lbs.  absolute,  the  engine  speed 
85  revolutions  per  minute,  and  the  load  250  amperes  at  no  volts,  during 
the  whole  series  of  experiments.  When  a  thickness  of  metal  of  0.067 
inch  was  reached  the  first  indications  of  heat  fluctuations  were  noted. 

By  continually  diminishing  the  thickness  of  metal  we  attempted  to  get 
the  cycle  within  the  iron.  Several  of  these  diagrams  show  an  ellipse  and 
are  flatter  as  the  speed  is  greater,  the  steam  pressure  lower. 

From  one  set  of  experiments,  that  were  considered  trustworthy,  a  curve 
was  plotted  to  show  the  temperature  at  different  depths  beneath  the  sur- 
face and  the  temperature  range  at  these  points.  This  is  shown  in  Fig.  3, 
in  which  ordinates  represent  equal  temperatures  and  abscissae  equal 
thicknesses  of  metal  in  hundredths  of  an  inch. 
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Fig.  3. 
Data  taken  on  a  Payne  Engine, 
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Range  of 

speed. 

pressure. 

of  metal. 
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60 

90 

0.037^^ 

300*'F. 
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60 

90 

0.023'' 

310°  F. 

292®  F. 

iS^F. 

60 

90 

0.017'' 

314°  F. 

282°  F. 

32°  F. 

Several  other  lines  of  experimentation  were  attempted,  as  the  effect  of 
using  a  large  amount  of  cylinder  oil,  and  a  mixture  of  oil  and  graphite, 
and  noting  the  decreased  temperature  range  under  these  conditions. 

In  conclusion,  it  may  be  noted  that  in  experimental  work  along  the 
lines  of  this  investigation  the  greatest  of  difficulties  are  encountered,  as 
the  research  requires  the  manipulation  of  mechanical,  electrical,  and  pho- 
tographic apparatus.  The  necessity  of  devising,  constructing,  and  test- 
ing various  pieces  of  mechanism,  together  with  the  difficulty  of  securing 
good  electrical  insulation  under  the  peculiar  conditions  of  the  problem, 
without  introducing  elements  contrary  to  the  normal  conditions  at  the 
point  under  consideration,  renders  the  task  most  difficult. 


* 


PAPERS   READ.  151 

A  LeCh ATELIER  Pyrometer  in  which  any  Error  due  to  Varia- 
tion IN  THE  Resistance  of  the  Platinum  and  Platinum-Rho- 
dium Elements  is  Eliminated.     By  Prof.  D.  S.  Jacobus,  M.  E., 
Hoboken,  N.  J. 
In  this  pjrrometer,  the  electromotive  force  generated  by  the  element  is 
balanced,  or  very  nearly  so,  by  a  counter  electromotive  force  produced  by 
a  number  of  secondary  elements.     The  ends  of  the  secondary  elements 
are  surrounded  with  steam  at  atmospheric  pressure  and  with  melting  ice. 
Each  pair  of  the  secondary  elements,  therefore,  generates  a  given  electro- 
motive force.     One  or  more  of  these  elements  are  thrown  in  circuit  with 
the  primary  element  and  the  electromotive  force  is  very  nearly  balanced. 
The  amount  that  the  electromotive  force  is  not  balanced  is  shown  by  a  re- 
flecting galvanometer.     By  this  arrangement  the  entire  effect  of  the  varia- 
tion of  the  resistance  in  the  primary  element  is  not  completely  elimina- 
ted, but  it  is  nearly  so.     A  method  in  which  a  resistance  was  used  in  such 
a  way  so  as  to  exactly  balance  the  electromotive  force  was  first  devised, 
but  was  not  used  on  account  of  the  fact  that  sudden  variations  in  temper- 
ature could  not  be  recorded. 

In  connection  with  the  LeChatelier  pyrometer  we  have  used  a  device 
for  holding  the  element  which  has  proved  very  satisfactory  where  the 
element  is  to  be  used  for  measuring  the  temperature  above  the  fire  of  a 
boiler,  or  in  other  cases  where  it  must  be  made  to  extend  a  considerable 
distance  into  a  heated  enclosure.  This  consists  of  three  concentric  tubes, 
the  element  being  placed  in  the  middle  tube,  and  a  water  circulation  es- 
tablished between  the  middle  and  inner,  and  the  inner  and  outer  tubes. 
The  wires  of  the  element  are  covered  with  thin  rubber  tubing  except  near 
the  point  where  they  project  from  the  end  of  the  inner  tube  where  the 
covering  of  asbestos  paper  is  used.  An  asbestos  paper  shield  is  fastened 
at  the  end  of  the  tube  from  which  the  element  protrudes  in  order  to  cut 
off  radiation  between  the  end  of  the  element  and  the  end  of  the  tube. 


The  Precise  Level  Net  of  the  United  States  and  a  New  Level- 
ing Instrument.  By  J.  F.  Hayford,  C.E.,  U.  S.  Coast  and 
Geodetic  Survey,  Washington,  D.  C. 


Engine  Chronography.    By  Prof.  B.  F.  Thomas,  Ph.D.,  Ohio  State 
University,  Columbus. 

The  paper  described  a  method  for  observing  and  registering  the  varia- 
tions in  speed  of  an  engine. 

A  small  dynamo  armature  is  rigidly  attached,  coaxial ly,  to  the  shaft  of 
the  engine  under  observation.  Its  field  is  separately  excited,  preferably 
by  a  storage  battery.     The  armature  terminals  are  joined  to  a  Hotchkiss 
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galvanometer,  or  a  Duddell  oscillograph,  in  series  with  and  opposed  to  a 
storage  battery  of  equal  E.M.F.  to  that  of  the  armature  at  full  speed. 
Exact  balance  at  a  given  average  speed  is  secured  by  adjustment  of  exci- 
ting field  current,  and  of  the  number  of  storage  cells  opposing  the  armature 
E.M.F.  At  balance,  the  spot  of  light  reflected  from  the  galvanometer, 
vibrates  between  readable  limits  on  a  scale.  On  changing  the  load  on  the 
engine,  the  galvanometer  deflection  is  in  step  with  the  change  in  engine 
speed,  which  may  be  read  from  the  scale.  If  a  photographic  film  replace 
the  galvanometer  scale  ( properly  mounted  for  exposure,  and  driven  at  any 
desired  speed,  past  a  slit  admitting  the  light  beam  from  the  galvanometer 
mirror)  the  trace  when  developed  is  a  cur\*e  having  time  or  engine  revo- 
lutions as  abscissae,  and  departure  from  a  given  speed  as  ordinates.  A 
second  beam  from  a  stationary,  adjustable  small  mirror  near  the  galva- 
nometer mirror  furnishes  a  reference  line  of  normal  speed.  The  scale  of 
ordinates  is  obtained  at  the  time,  {a),  by  momentarily  increasing  or  de- 
creasing the  number  of  opposing  storage  cells  in  the  armature  circuit,  or 
(d),  by  momentarily  varying,  in  determined  ratio,  the  total  resistance  in 
the  same — the  fonner  is  preferable. 

The  method  affords  a  means  for  the  study  of  problems  in  engine  gov- 
erning, as  to  speed  variation  per  revolution,  or  as  to  the  variable  period 
between  the  initial  and  final  steady  speeds  under  a  sudden  change  in 
load. 


Additional  Note  on  the  Theory  of  Half-tone  Printing.  By 
Mr.  Romyn  Hitchcock,  New  York,  N.  Y. 

A  paper  was  read  by  the  author  before  Section  D  at  the  Boston  meet- 
ing, in  which  the  theory  was  developed  that  perfect  printing  required 
perfect  contact  between  printing  surface  and  paper,  with  only  sufficient 
pressure  to  cause  the  transfer  of  ink.  Uniform  pressure  over  equal 
areas  of  printing  surface  was  stated  to  be  the  prime  requisite  of  the 
theory. 

This  conclusion  was  so  directly  opposed  to  the  practice  of  printers, 
that  it  met  with  ridicule  and  criticism  not  always  considerate.  Prac- 
tical experience  has  not  only  confirmed  the  theory',  but  it  has  clearly 
demonstrated  that  perfect  printing  can  be  done  without  the  complica- 
ted and  costly  *'  making  ready*'  which  is  really  cutting  out  and  over- 
layiug  to  get  perfect  contact  in  a  crude  and  not  always  satisfactory 
way. 

A  process  of  printing  whereby  uniform  minimum  pressure  over 
printing  areas  was  secured  by  a  blanket,  made  up  of  vertically  set, 
slightly  bent  wires,  was  described. 

The  theoretical  considerations  are  now  further  confirmed  by  a  much 
simpler  application  to  cylinder  presses,  consisting  of  a  thin  sheet  of 
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brass  or  steel,  slitted  in  a  peculiar  manner,  and  backed  with  a  thin 
rubber  blanket.  It  is  difficult  to  describe  the  metal  sheet  without  a 
drawing,  but  samples  were  shown  before  the  Section. 


Fly  Wheel  Explosions.  By  Mr.  Charles  H.  Manning,  Manches- 
ter, N.  H. 

About  ten  years  ago  an  epidemic  of  fly  wheel  explosions  began,  and 
in  the  three  years,  1892,  '93,  and  '94,  it  prevailed  to  the  extent  of  about 
one  large  wheel  a  month,  not  to  mention  those  under  twelve  feet  in  diam- 
eter. These  wheels,  without  exception,  were  of  cast-iron  and  of  all  sorts 
of  designs  and  qualities  of  metal,  and  most  of  them  went  to  pieces  from 
overspeed,  commonly  known  as  "racing."  In  the  following  years, 
down  to  the  present  time,  the  casualties  have  been  decreasing,  and  I 
have  not  noticed  more  than  one  or  two  since  the  beginning  of  this  year. 
Much  has  been  written  on  the  subject,  discussing  especially  the 
proper  design  and  more  particularly  the  proper  bolting  of  the  joints 
in  the  rim,  but  very  little  has  been  said  on  the  subject  of  the  material 
of  which  the  rim  of  the  wheel  should  be  made.  Fly  wheels,  as  their 
name  implies,  are  primarily  used  to  regulate  the  speed  of  an  engine, 
not  the  number  of  revolutions,  but  the  uniformity  of  speed  during  any 
one  revolution,  storing  power  while  the  piston  is  exerting  more  than 
the  average  power,  and  restoring  it  when  the  piston  is  delivering  less 
than  the  average,  which,  of  course,  causes  a  series  of  fluctuations  in 
the  strains  thrown  on  the  wheel.  With  most  engines  the  fly  wheel  com- 
bines with  its  regulating  function,  the  office  of  main  driving  pulley 
carrying  the  main  belt,  or  it  may  take  the  form  of  a  large  gear  wheel. 
The  combination  of  these  several  functions  and  their  accompanying 
strains,  subjects  this  member  of  the  machine  to  greater  variations  per- 
haps than  any  other  part. 

The  greatest  strain,  however,  and  the  one  that  causes  the  wreck  in 
most  cases,  is  the  centrifugal  force,  principally  of  the  rim  itself,  which 
is  the  part  having  the  greatest  linear  speed,  and  this  strain  increases 
with  the  square  of  the  speed.  Increasing  the  cross-section  of  the  rim 
does  not  help  the  strength  at  all,  as  the  weight,  and,  therefore, 
centrifugal  force,  both  increase  directly  with  the  cross-section. 
This  shows  that  for  any  material  there  is  an  exact  limit  to  the  safe 
speed  at  which  the  wheel  may  run.  The  centrifugal  force  acting 
radially  in  all  directions  and  uniformly,  puts  the  rim  in  a  state  of  ten- 
sion, and,  therefore,  it  is  the  tensile  strength  of  the  material  used  on 
which  the  integrity  of  the  wheel  depends. 

Now  as  weight  is  the  chief  desideratum,  it  is  evident  that  the  material 
which  has  the  greatest  strength  for  a  given  weight  is  the  best  for  a  fly 
wheel.     I  contend  that  cast-iron  is  the  poorest,  as  far  as  safety  is  con- 
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cerned,  of  any  material  used  for  fly  wheels,  though  it  is  used  to-day  for 
at  least  95  per  cent,  of  the  wheels  that  are  made.  I  remember  many 
years  ago  several  large  cast-iron  bridges,  but  I  do  not  believe  there  is 
abridge  engineer  living  who  would  have  the  hardihood  to  put  in  a 
cast-iron  tension  member  on  any  such  structure,  and  the  day  will 
come  when  there  will  be  no  cast-iron  fly  wheels,  and  the  sooner  the 
better. 

For  belt  transmission  a  speed  of  about  5,000  feet  per  minute  has  been 
found  most  suitable,  and  this  has  regulated  the  general  run  of  fly 
wheels  to  about  this  rim  speed,  and  at  that  speed  a  first-class  cast-iron 
wheel  has  a  fair  factor  of  safety,  but  the  trouble  is,  all  engines  are  lia- 
ble to  "  run  away,"  some  much  more  so  than  others,  and  as  I  before 
remarked,  the  explosive  force  increases  as  the  square  of  the  speed,  and 
it  takes  but  a  few  seconds  to  wipe  out  a  factor  of  safety  of  from  four  to 
six. 

For  the  same  weight  pine  wood  has  a  much  greater  tensile  strength 
than  cast-iron,  and  therefore  is  much  safer  for  a  fly  wheel,  and  ten 
years'  experience  with  many  such  fly  wheels  has  satisfied  me  that  for 
engines  running  at  a  speed  of  100  revolutions  per  minute  or  less,  a 
properly  constructed  wood-rimmed  fly  wheel  is  much  the  safer.  In 
October,  1891,  a  cast-iron  fly  wheel  30  feet  in  diameter  and  iio-inch 
face  went  to  pieces  at  Manchester,  N.  H.,  and  a  wood-rimmed  fly  wheel 
of  same  dimensions  was  substituted  for  it,  which  is  running  to-day  in 
as  good  condition  as  new.  Some  twenty  other  wheels  ranging  from 
20  to  30  feet  in  diameter  and  from  30  to  120-inch  face  have  been 
built  and  in  no  case  have  they  given  any  trouble,  though  several 
of  them  have  at  times  been  partly  submerged  by  freshets. 
Where  the  speed  of  the  engine  runs  above  100  revolutions  per  min- 
ute, to  keep  the  rim  speed  down  to  5,000  feet  per  minute  the  diameter 
of  the  fly  wheel  cannot  exceed  16  feet,  which  is  about  as  small  as  de- 
sirable to  make  a  wood-rimmed  fly  wheel.  Below  this  I  have  built  fly 
wheels  with  boiler-plate  rims,  making  one  of  24  plates  }.  inch  thick 
and  30-inch  face,  which  makes  a  very  satisfactory  wheel. 

In  Germany  some  balance  wheels  to  run  at  a  surface  speed  of  10,000 
feet  per  minute  and  upwards,  have  been  constructed  by  winding  a 
square  steel  wire  on  a  cast-iron  spool,  and  the  results,  as  far  as  I 
know,  have  been  very  satisfactory. 

I  have  avoided  any  mathematical  discussion  of  the  various  points 
touched  on,  as  any  one  sufficiently  interested  in  the  matter  can  find  all 
they  want  in  the  publications  of  our  kindred  societies.  My  entire  idea 
is  to  set  people  to  thinking  on  a  danger  so  common  that  we  have 
most  of  us  ceased  to  worry  about,  excepting  those  of  us  to  whom  it 
has  been  brought  home  by  some  startling  lesson. 
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1  The  field  work  on  which  the  above  paper  is  based  was  done  under  both  the  ir.  S. 
^^^ological  Survey  and  the  New  York  State  Geological  Sur\'ey.  All  the  data  under 
^1»«  authority  of  the  latter  and  here  drawn  upon  have  been  printed.  For  permission 
*<^  use  much  unpublished  matter  belonging  to  the  former  acknowledgments  are  here 
*^««pectfuUy  made  to  the  Hon.  Charles  D.  Walcott,  Director. 
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Stratigraphical  geology  had  its  rise  in  those  old  mining 
regions  of  Germany,  the  Hartz,  the  Erzgebirge  and  Thu- 
ringia  ;  and  speaking  as  I  do,  in  a  lecture-room  of  our  oldest 
American  School  of  Mines,  it  is  a  special  pleasure  to  note  this 
connection  and  to  render  to  the  ancient  art  of  mining — the 
real  mother  of  geological  science — her  just  due.  There  is  no 
doubt  in  my  mind  that  the  keen  observation  of  miners  had 
convinced  them  that  there  was  some  regular  succession  in  the 
rocks,  long  before  this  principle  found  accurate,  scientific 
expression  in  printed  form ;  but,  so  far  as  we  know,  it  was 
first  formally  stated  by  Johannes  Gottlob  Lehmann  in  connec- 
tion with  some  profiles  or  cross-sections  of  the  Hartz  and  the 
Erzgebirge,  which  he  prepared  about  the  middle  of  the  last 
century.  Lehmann,  who  was  a  mining  official  under  the  Prus- 
sian government,  had  observed  that  flat  and  undisturbed  beds 
rested  upon  earlier  tilted  beds  and  upon  crj^stalline  rocks,  both 
of  which  latter  he  assumed  as  his  original  base  but  with  whose 
relations  he  did  not  concern  himself.  A  few  years  later  in 
Thuriugia,  George  Christian  Fuchsel  dealt  in  a  tectonic  way 
with  the  Coal  Measures,  the  Permian  and  the  later  systems, 
but  as  we  all  know  it  was  not  until  the  close  of  the  eighteenth 
centur>^  that  William  Smith  made  known  the  use  of  type  fossils 
in  English  geology,  nor  was  it  until  1808  that  Cuvier  and 
Brogniart,  working  upon  the  extremely  regular  deposits  of  the 
Paris  basin,  established  for  France  if  not  for  the  w-orld  the  use 
of  fossils  on  a  large  scale.  They  brought  out  a  definite 
system,  which  anticipated  by  a  few  j-ears  the  issue  of  William 
Smith's  famous  map  of  England. 

It  was  natural  that  these  results  should  be  attained  in 
regions  of  simple  and  easily  deciphered  stratigraphy,  and  of 
relatively  modern  beds.  Taught  and  inspired  by  this  pioneer 
work,  the  geologists  of  the  quarter  century  that  followed  inter- 
preted the  Tertiary  and  Mesozoic  strata,  wherever  fairly  flat 
and  undisturbed.  Even  the  Coal  Measures  were  studied  and 
placed  in  their  true  position,  but  except  in  New  York,  where 
the  older  series  are  likewise  flat  and  undisturbed,  the  lower 
lying  Paleozoic  remained  a  sealed  book.  It  even  seemed  a  rash 
and  foolhardy  undertaking  when  the  two  English  geologists, 
Sedgwick  and  Murchison,  attacked  the  hills  and  mountains  of 
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Wales  and  Devonshire  some  seventy-five  years  ago.  The 
structural  problems  which  this  region  presented  were  esteemed 
too  complex  and  too  difiicult  to  justify  the  expenditure  of 
effort  upon  them.  Sedgwick  and  Murchison,  however,  found 
the  clues  and  by  careful  work  finally  classified  the  strata  and 
despite  faults,  folds,  and  moderate  metamorphism,  placed  them 
in  their  true  position.  These  observations  opened  up  for 
investigation  the  whole  Paleozoic  and  set  the  pace  as  well  as 
laid  out  the  course  for  stratigraphical  geologists  until  a  decade 
or  two  since.  So  much  has  now  been  accomplished,  however, 
that  even  in  regions  of  very  violent  change,  the  problems  of 
the  Paleozoic  may  now  be  considered  to  be  in  a  high  degree 
solved,  and  the  range  of  work  upon  its  series  and  stages  has 
become  chiefly  faunal  and  biological. 

But  the  course  of  geological  investigation  has  tended  ever 
downward  to  lower  and  low^er  horizons.  It  may  be  said  that 
in  recent  years  the  chief  problems  of  stratigraphic  interest 
have  involved  that  tempting  yet  elusive  series  of  sediments 
that  lies  below  the  limits  of  well-preserved  and  recognizable 
fossils.  The  remains  and  organisms,  which  are  so  abundant 
and  useful  in  the  Paleozoic,  disappear  in  the  most  remarkable 
way  as  we  go  below  the  Cambrian,  and  yet  there  are  few 
geologists  who  do  not  confidently  believe  that  in  some  corner 
of  the  world,  not  yet  fully  explored,  they  will  be  found  in 
satisfactory  abundance.  Traces  are,  of  course,  already  known. 
Walcott,  in  the  West ;  Matthew%  in  the  maritime  provinces  ; 
and  Barrois,  in  Britany,  have  met  with  encouragement,  but 
the  great  discoveries  remain  for  the  future,  because  as  yet  the 
evidence  is  meager  and  amounts  to  little  more  than  a  stimulus 
for  later  work. 

And  yet  despite  the  lack  of  organisms,  the  elucidation  of 
the  genetic  and  structural  problems  supplied  by  these  ancient 
sediments  is  of  the  highest  interest  and  importance.  They 
carry  us  ever  farther  and  farther  back  toward  the  primeval  condi- 
tions on  our  planet,  and  year  by  year  the  circle  of  the  recog- 
nized Algonkian  closes  in  on  the  admissible  Archeau,  and  year 
by  year  the  ancient  gneissic  areas  yield  up  the  secrets  of  their 
pedigrees. 

Not    all    the  sedimentary   rocks,    once    regarded    as    pre- 
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Cambrian,  have  proved  to  be  such  on  investigation.  In  many 
localities  metamorphic  schists,  once  supposed  to  be  very 
ancient,  have  been  safely  lodged  in  the  Paleozoic  fold,  but 
many  more  remain  and  there  will  be  no  lack  of  material  for 
the  next  generation  of  geologists  to  work  upon.  In  all  the 
advances,  methods  of  observation  and  interpretation  have  been 
developed,  and  the  results  gained  in  one  locality  have  been  of 
the  greatest  service  in  another.  In  the  Highlands  of  Scotland, 
under  the  guidance  of  Peach  and  Home,  we  have  learned 
the  part  that  overthrust  faults  may  play  and  have  realized  the 
complex,  although  not  quite  hopeless,  aggregate  of  tangled 
strata  which  may  result.  In  the  Lake  Superior  region,  Irving 
and  Van  Hise  and  their  colaborers  have  developed  the 
methods  applicable  in  a  region,  folded  in  a  complicated  way 
and  more  or  less  metamorphosed,  although  not  faulted.  In 
the  Green  Mountains,  Pumpelly,  Dale,  and  others  have  dealt 
with  folds,  metamorphism,  and  faults,  all  three.  In  New 
Jersey,  Nason  and  Wolff  have  attacked  the  old  gneisses, 
worse  subjects  for  stratigraphical  elucidation  than  any  yet 
cited,  except  the  Scotch,  and  Wolff  has  appealed,  with  much 
if  not  conclusive  success,  to  inconspicuous  although  fairly 
persistent  bands  of  peculiar  rocks  to  indicate  traces  of  a  sedi- 
mentary succession.  Adams,  in  the  crystalline  areas  of 
Quebec  and  Ontario,  has  dealt  with  problems  more  like  those 
which  we  are  to  pass  in  review  to-day  than  are  any  of  the 
localities  mentioned  above.  They  involve  the  most  ancient 
gneisses,  the  crystalline  limestones,  the  vast  intrusions  of 
plutonic  eruptives,  and  the  same  dynamic  metamorphism  ;  but 
there  is  one  important  factor  in  the  Canadian  area  which  we 
probably  lack  in  the  Adirondacks,  and  that  is  the  most 
ancient  gneiss,  there  called  the  Ottawa.  At  least  we  doubt  if 
its  equivalent  occurs  anywhere  south  of  the  international 
boundary.  With  the  crystalline  limestones  and  their  asso- 
ciates in  the  Grenville  and  with  the  Norian  intrusives,  how- 
ever, we  have  much  in  common. 

Outline  of  the  Adirondacks. — The  Adirondacks — ^under 
which  term  I  include  the  crystalline  rocks  of  northern  New 
York — cover  about  12,500  square  miles.  In  outline  the  area 
is  somewhat  like  a  circle,  that  has  been  flattened  on  the  Bast 
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along  Lake  Champlain,  and  pulled  out  to  a  cusp  on  the  West 
toward  the  Thousand  Islands.  The  diameter  is  very  nearly 
125  miles.  The  surface  consists  almost  entirely  of  crystalline 
rocks,  for,  although  a  fejv  outliers  of  Upper  Cambrian  and 
Ordovncian  beds  are  known  as  much  as  40  miles  from  their 
parent  masses,  they  are  an  insignificant  fraction  of  the  whole. 
In  the  area  of  the  crystallines,  metamorphosed  representatives 
of  both  sedimentary  and  igneous  originals  are  present.  All 
except  the  small  trap  dikes  have  suffered  severely  from 
dynamic  processes,  sometimes  to  an  extraordinary  degree,  and 
in  instances  the  sediments  are  to  be  hardly,  if  at  all,  recognized 
as  such.  Sufficiently  numerous  examples,  however,  remain 
which  can  with  certainty  be  referred  to  their  originals,  and 
great  probability  for  the  same  derivation  can  be  established  for 
others.  While  deeply  buried,  the  sediments  have  been 
invaded  by  an  enormous  mass  of  plutonic  eruptives,  of  whose 
nature  and  succession  we  now  have  much  evidence.  So 
extensively  has  this  been  true  on  the  East,  that  the  sediments 
are  broken  up  into  small  and  often  isolated  areas,  whose  rela- 
tions are  difficult  to  decipher.  On  the  West,  as  shown  by  C.  H. 
Smyth,  Jr.,  they  are  more  extensive  although  everywhere 
pierced  by  eruptives.  After  the  intrusions  dynamic  meta- 
morphism  of  a  pronounced  type  crushed,  sheared,  and  mixed 
them  up  with  the  igneous  intrusions  ;  upheaval  and  faulting 
disguised  the  relations ;  and  erosion  removed  or  obscured  the 
evidence,  so  that  a  problem  is  afforded,  that  is  much  the  same 
as  if  the  Basement  Complex  of  the  Marquette  region  had 
invaded  the  Huronian  sediments  and  had  split  them  up  into 
small  areas  after  which  faulting  had  ensued.  And  yet  in  the 
eastern  Adirondacks  it  does  not  appear  that  close  folding  has 
very  largely  if  at  all  taken  place.  On  the  contrary,  despite 
the  dynamic  metamorphism,  the  decipherable  dips  in  the 
ancient  sediments  and  the  contacts  between  limestones  and 
neighboring  gneisses  are  often  flat,  and  low  folds  if  any  seem 
to  be  the  rule.  Nevertheless  crushing  and  granulation  are 
very  wide-spread  and  have  often  produced  mashing  in  the 
rocks  of  all  sorts,  except  the  latest  trap  dikes.  The  mashing 
cannot  be  due  to  the  larger  intrusions,  because  they  exhibit  it 
as  much  as  the  sediments,  and  it  must  have  followed  their 
II 
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entrance.  It  preceded  the  Potsdam  and  it  must  Jiave  taken 
place  under  a  considerable  load,  else  there  would  have  been 
more  severe  folding.  From  this  brief  general  statement  it  will 
be  seen  that  the  problems  possess  their  own  individual  char- 
acters and  in  a  measure  seem  to  differ  from  those  of  other 
regions  unless  it  be  Quebec  and  Ontario. 

Recent  Geological  Work, — I  pass  over  all  mention  of  earlier 
workers  in  the  region,  because  their  contributions  have  already 
been  reviewed  elsewhere  by  me,  and  because  they  were  not 
serious  in  a  stratigraphical  way.  Detailed  field  work  has  been 
required  and  this  has  only  been  attempted  by  C.  H.  Smyth, 
Jr.,  H.  P.  Gushing,  mj'self,  and  our  assistants.  Smyth  has 
worked  in  the  western  counties, —St.  Lawrence,  Jefferson, 
Herkimer  and  western  Hamilton.  Gushing  has  studied 
Clinton  and  Franklin  Gounties  on  the  north  ;  and  I  have  been 
busied  with  Essex,  Warren,  Washington,  eastern  Hamilton, 
Saratoga,  and  Fulton.  We  have,  however,  kept  in  close  sympa- 
thetic touch  in  all  our  work.  In  Gushing* s  area  less  of  the 
undoubted  sediments  occur,  as  only  two  small  exposures  of 
limestone  have  thus  far  been  discovered.  In  Sm5'th*s  area  the 
limestones  are  most  extensive  and  furnish  the  best  large  exhi- 
bitions, whereas  in  the  region  covered  by  myself,  the}'  are 
nuvst  numerous,  although  of  smaller  indi\ndual  extent,  but 
they  have  ass^viated  with  them  certain  other  forms  of  meta- 
nu>rphvv<\i  soilinients,  which  are  not  yet  recorded  in  such  large 
rtnunmts  elsewhere,  which  are  of  special  interest ;  and  which 
tluow  Hjiht  on  the  nature  of  the  series.  Smyth  has  suggested 
the  tiatno  iVwcjiaichie  series  tor  the  limestones  and  their  asso- 
ciates on  the  West,  auvi  while  the  equi\'alency  of  the  rocks 
with  tV,o  \Mv\ivn?sIv  r.a:r.evl  Ort^nville  s^^ries  of  Canada  seems 
jM\^K;Mo  :n  a  jiv.icval  way,  wx?  ha\x*  all  agreed  to  use  this  term. 
A\*A  tcT  IV,  tr,;;>: .  V,v>\\  c\  vr ,  V  vX^::s:oe:ed  more  or  less  provisional 
N\av».>\^  a>  n^::  latci  av'.var  :>.c:v  :s  a  great  gap  in  oatcrops 
Ix^twvVi^  tV.c  ov<:v,al  cx'jV>;::x*s  o:  :he  Oswegatchie,  along 
t^c  :^\v^  ^^i  :*N  ^;*vo  v,a'v.<  a*.^;  :>,e  r.ear  neighbors  to  it,  on 
t*:c  ovv  >.ar,xl    ,;v.i  :' c  -'v \:  c\j\nsu:vs  to  :he  r^utheast  on  the 

ivu^w  n;  >\\vv  "X  i'x'  <v'v*a'  >v<v,X::x^*  v*:  the  exposures, 
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it  will  be  well  to  give  a  brief  r^sum6  of  the  kinds  of  rocks  with 
which  we  have  especially  to  deal.  Right  in  this  particular 
appears  the  great  difficulty  of  a  metamorphic  problem.  In 
sedimentary  or  unaltered  igneous  rocks  we  are  never  at  a  loss 
to  understand  their  nature  and  method  of  origin,  but  in 
excessively  metamorphosed  varieties  the  great  difficulties  arise 
in  describing  these  questions  at  the  very  outset,  and  if  we 
were  only  sure  of  many  of  these  puzzling  gneisses,  the  battle 
would  be  more  than  half  won. 

The  Limestones. — The  most  easily  recognized  is  a  coarsely 
cr>'stallized,  white  limestone  and  it  is  at  the  same  time  the 
widest  in  occurrence  and  the  most  significant  evidence 
of  the  presence  of  the  old  sediments.  While  at  times 
of  considerable  purity,  as  at  the  marble  quarries  at 
Gouvemeur,  it  is  generally  more  or  less  richly  impregnated 
with  graphite,  apatite,  quartz,  pyroxene,  hornblende, 
phlogopite,  biotite,  scapolite,  chondrodite,  garnet,  and 
feldspars.  The  silicates  tend  to  be  aggregated  into  streaks 
and  bunches,  that  owe  their  shape  in  large  part  to  the 
shearing  and  stretching  effects  of  dynamic  metamorphism. 
In  the  larger  bunches,  less  common  minerals,  such  as  titanite, 
pyrrhotite,  and  tourmaline  are  met.  Most  of  the  minerals 
cited  above  are,  without  doubt,  produced  by  the  regional 
metamorphism  of  more  or  less  silicious  limestones.  Such  are 
quartz,  pyroxene,  hornblende,  biotite,  graphite,  apatite,  and 
feldspar.  But  others,  such  as  tourmaline,  chondrodite, 
scapolite,  titanite  and  to  some  degree  apatite  are  the  results  of 
contact  metamorphism,  as  Smyth  has  so  well  shown  for  the 
west  side  of  the  area. 

A  variation  which  is  met  in  several  localities,  appears  when 
the  marbles  become  charged  with  serpentinous  alteration 
products,  from  pyroxeuic  originals.  This  is  true,  most 
prominently,  in  Moriah  township,  Essex  county;  and  in 
Thunnan  township,  Warren  county,  although  the  same  rocks 
met  in  less  amount  in  a  number  of  other  places. 

Regarding  the  development  of  these  limestones  it  may  be  only 
said  here,  that  they  are  beyond  question  calcareous,  and 
magnesian  sediments  which  involved  silicious,  ferruginous,  and 
aluminous  admixtures,   in   some  cases  very  richly.     During 
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metamorphism  the  latter  elements  supplied  the  materials 
necessary  for  the  production  of  various  silicates.  The  lime- 
stones appear  to  be  less  pure  and  consequently  more  charged 
with  silicates  on  the  east  than  on  the  west,  and  to  present 
smaller  cross-sections,  but  from  this  statement  we  must  omit 
the  contact  zones  of  St.  Lawrence  county.  In  judging  of  the 
impurity  of  the  limestones  we  must  also  make  exception  of  the 
included  masses  of  rocks,  composed  of  silicates,  which  in  the 
dynamic  metamorphism,  have  been  torn  off  from  the  wall 
rocks  or  from  pegmatite  or  more  basic  dikes  that  had 
penetrated  the  limestones  before  the  disturbances.  I  also 
reserve  graphite  for  special  consideration  further  on.  The 
limestones  exhibit  many  interesting  proofs  of  having  yielded 
to  pressure  like  viscous  substance.  They  have  flowed  around 
the  harder  inclusions  and  bordering  rocks,  have  moulded 
themselves  into  their  irregularities,  and  have  behaved  in  all 
respects  like  a  plastic  material.  This  property  on  their  part 
has  made  the  determination  of  accurate  dips  and  strikes  a 
matter  of  difficulty  and  has  added  to  the  obscurity  of  the  prob- 
lem. 

The  Quartzites, — But  little  has  yet  been  stated  in  print 
regarding  the  rocks  of  this  type  and  they  are  indeed  far  less 
abundant  than  the  limestones.  In  former  papers  reference  has 
been  made  to  thin  sulphur-yellow  beds  which  accompany  the 
limestones  near  Port  Henry.  They  are  friable  quartzites  and 
contain  much  sillimanite,  graphite,  and  pyrite.  At  Hague,  a 
town  on  Lake  George,  and  at  a  point  5  miles  west  from  the 
lake  shore,  the  interesting  graphite  mines  have  been  opened, 
which  show  undoubted  fragmental  sediments.  A  bed 
some  6  to  15  feet  thick  has  been  faulted  once  so  as  to 
be  exposed  in  two  places.  It  dips  to  the  west  at  an  angle  of 
10°  and  contains  abundant  flakes  of  graphite,  all  of  which 
show  a  rubbed  and  streaked  appearance  from  much  mashing 
and  shearing.  The  rock  contains  little  else  than  quartz  and 
graphite  and  cannot  reasonably  be  interpreted  otherwise  than 
of  sandstone,  which  has  been  richly  charged  with  some  car- 
bonaceous matter,  either  originally  organic  or  subsequently 
introduced  as  some  hydrocarbon.  Walcott  has  significantly 
remarked  that  the  openings  look  exactly  like  a  coal  mine  in 
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pre-Cambrian  strata.  Beneath  and  above  the  graphitic 
quartzite  is  a  gametiferous  gneiss,  richly  charged  with 
sillimanite.  Above  the  upper  sillimanite  gneiss  is  still  more 
quartzite  and  all  rest  on  a  granite  gneiss.  I  interpret  the 
succession  as  one  which  involved  a  sandstone,  porous  enough 
to  admit  the  carbonaceous  matter  now  represented  by  the 
graphite,  and  interstratified  in  a  somewhat  calcareous,  sandy 
shale  now  changed  to  the  gametiferous,  sillimanite  gneiss. 
Whether  the  lower  granitic  gneiss  is  an  intrusive,  which  has 
developed  these  minerals  by  contact  metamorphism  or  not,  or 
whether  it  was  the  old  foundation  on  which  the  sediments  were 
laid  down  is  an  obscure  question,  which  I  am  unable  at 
present  to  positively  decide.  The  minerals  involved  are  pro- 
duced both  by  regional  and  contact  metamorphism.  At  one 
point  near  the  mines  some  small  amount  of  limestone  has  been 
revealed  by  an  exploring  drill-hole,  at  a  shallow  depth  (30  feet) 
and  on  the  whole  I  have  been  more  inclined  from  the  evidence 
in  hand  to  consider  the  granitic  gneiss  as  the  foundation  on 
which  the  sediments  were  deposited. 

The  largest  exposure  of  quartzite  yet  recorded  is  in  the  town 
of  Lewis,  about  3  miles  north  of  Elizabeth  town,  in  Essex 
county.  Ledges  occur  more  or  less  charged  with  graphite  and 
so  metamorphosed  as  to  resemble  vein  quartz,  but  strati- 
graphically  they  have  a  good  dip  and  strike  and  they  run  under 
gneisses  of  which  I  shalUater  speak.  The  dip  of  the  quartzite 
is  about  10°  and  the  thickness  across  the  stratification  is  about 
100  feet.  The  general  relations  leave  little  doubt  that  we  are 
dealing  with  an  old  sandstone,  somewhat  bituminous,  and  now 
thoroughly  recrystallized.  All  around  are  great  intrusions  of 
gabbros,  anorthosites  and  syenitic  eruptives  so  that  the 
quartzite  remains  practically  as  a  little  island  in  the  midst  of 
an  eruptive  area. 

In  a  considerable  number  of  other  places  these  quartzites 
have  been  noted  and  as  a  rule  they  have  shown  a  pronounced 
banded,  if  not  bedded,  structure  and  have  almost  always 
exhibited  graphite.  They  likewise  very  commonly  contain 
dark,  rounded  disks  of  a  mineral  that  proves,  when  examined 
in  thin  section,  to  be  monoclinic  pyroxene.  It  is  irregular  in 
outline   and  pale  green   in  color.      The  rocks   are   therefore 
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aggregates  of  quartz  in  excess  and  pyroxene  in  considerable 
amount  and  are  to  be  interpreted  as  old  quartz  sandstones, 
that  contained  some  calcareous  and  magnesian  admixture, 
which,  during  metamorphism,  yielded  the  pyroxene.  A  little 
iron  oxide  also  entered  into  the  result.  In  several  instances 
we  have  found  small  masses  of  the  quartzites  in  the  anortho- 
sites,  forming  inclusions  which  have  been  torn  off  during  the 
intrusion  of  the  igneous  rock,  and  which  have  been  surrounded 
by  small  zones  or  reaction  rims,  due  to  contact  metamorphism. 

Mhior  Associates  of  the  Limestofies, — Another  peculiar  and 
characteristic  rock  that  is  associated  with  the  limestones  in 
many  places  in  minor  amounts  consists  of  quartz  and  milk- 
white  plagioclase,  with  occasional  titanites  scattered  through 
the  aggregate.  It  seems  to  be  a  metamorphic  product  from 
the  transition  sediments  between  the  limestones  and  the  asso- 
ciated elastics. 

Likewise  associated  with  the  limestones  in  several  localities, 
but  more  especially  at  Port  Henry  and  Fort  Ann,  there  are 
hornblende  schists,  of  dark  black  color.  They  are  often 
involved  with  the  former  in  a  most  intricate  way,  running  in 
as  tongues  and  stringers,  penetrating  as  dikes,  which  may  be 
broken  up  into  several  scattered  masses,  or  appearing  as  single 
boulder-like  inclusions.  In  all  cases  where  the  rocks  are 
prominently  developed,  there  is  easily  recognized,  intrusive 
gabbro  in  the  vicinity  and  the  burden  of  probability  would 
seem  to  favor  an  igneous  origin  for  them.  At  the  same  time 
calcareous,  magnesian  shales  might  be  responsible  for  similar 
mineral  aggregates,  when  exposed  to  excessive  metamorphism^ 
as  Professor  Emerson  has  shown  for  the  Chester  region  of 
central  Massachusetts,  and  in  localities  of  compression  and 
mashing  they  might  become  involved  in  a  complex  way  with 
softer  beds  such  as  limestones ;  but  still  I  think  the  Adirondack 
evidence  favors  irruptive  contacts  for  them  and  the  mashing 
and  involution  of  dikes. 

An  almost  invariable  associate  of  the  limestones,  but  in 
comparativeh"  small  amount,  is  a  rock  consisting  of  a  granular 
aggregate  of  dark  green  pyroxene.  Some  little  calcite  may 
often  be  detected  in  the  interstices  between  the  pyroxene,  but 
as  a  rule  the  coarsely  crystalline  bits  of  the  former  make  up 
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practically  the  entire  mass.  The  rock  has  manifestly  resulted 
from  the  metamorphism  of  silicious  transition  deposits  from 
the  limestones  to  the  elastics. 

Garnet  Pyroxene  Rock, — At  two  localities,  one  in  Keene 
valley,  on  the  west  bank  of  the  Ausable  river  and  about  a  mile 
above  Keene  Center,  and  the  other  in  northwestern  Lewis, 
extensive  ledges  of  a  peculiar  rock  have  been  met  that  seems  to 
belong  to  the  limestone  series.  It  is  quite  massive  and  gives 
no  trace  of  dip  or  strike.  It  is  a  coarsely  crystalline  aggregate 
of  deep  red  garnet,  and  green  monoclinic  pyroxene.  In  each 
case  the  ledges  are  associated  with  hornblendic  gneisses  and 
they  may  be  a  peculiarly  altered,  calcareous  sediment,  but  the 
mineralogy  strongly  suggests  contact  metamorphism  upon 
limestones,  although  in  neither  case  was  it  possible  to  establish 
the  presence  of  eruptives  in  the  immediate  vicinity.  In  the 
Keene  locality  anorthosites  are  in  masses  of  mountain  size, 
within  half  a  mile,  but  gneisses  intervene.  In  the  latter  case 
no  eruptives  of  the  gabbro  family  are  near  enough  to  be 
reasonably  considered  causes  in  the  effect. 

The  Sedimentary  Gneisses. — In  intimate  relations  with  the 
limestones  in  many  localities  and  in  quite  extended  outcrops, 
without  them  in  other  places,  are  gneissoid  rocks  that  are  quite 
certainly  altered  sediments.  They  are  characterized  by  a  very 
pronounced  and  persistent  banding  and  the  banding  is  regular 
and  runs  for  very  considerable  distances.  The  transitions  from 
dark  bands,  consisting  of  prevailing  bisilicates  to  lighter  ones 
containing  quartz  and  feldspar,  are  abrupt  and  can  only  be 
accounted  for  by  changes  in  sedimentation.  They  differ 
entirely  from  the  short  lenticles  which  are  produced  by  the 
stretching  of  the  minerals  of  an  eruptive  rock.  The  layers  are 
at  times  quite  pure  quartz  and  again  suggest  the  mineralogy 
of  pegmatites.  Graphite  is  a  very  common  mineral  and  is  one 
of  much  significance. 

On  account  of  fragmentary  exposures  and  the  ever  present 
drift  or  forest  growth  it  is  difficult  to  determine  the  actual 
thickness  of  these  rocks.  In  southwestern  Jay  township, 
Essex  county,  I  have  paced  carefully  over  a  series  of  con- 
tinuous exposures  of  very  regular  and  flat  dipping  beds  that 
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were  at  least  75  feet  thick  and  then  became  concealed  under 
drift.  A  mile  away  they  again  appeared  on  a  mountain  side 
with  very  nearly  the  same  strike  and  dip  and  there  is  no  doubt 
that  a  very  considerable  thickness  is  present.  Gabbros  in  one 
direction  and  anorthosites  in  another  cut  them  out,  and  on 
the  strike  they  were  traced  into  exposures  which  contained 
limestones.  Graphite  was  abundant  both  in  limestones  and 
gneisses. 

In  many  other  localities  these  same  rocks  have  been  met  but 
mostly  as  isolated  exposures  in  the  midst  of  the  heavy  forest 
growth  and  too  few  in  number  to  enable  us  to  work  out  their 
thickness  or  their  accurate  relationships,  but  there  is  no  doubt 
that  they  represent  sediments  that  must  have  been  originally 
of  the  nature  of  sandy  shales,  which  at  times  had  more  richl}' 
calcareous  layers  and  which,  in  this  way,  yielded  the  variable 
metamorphic  results,  now  accessible  to  us.  As  a  rule  the  dips 
of  these  gneisses  are  low,  although  high  dips  are  met. 

Besides  the  gneisses  just  described,  which  exhibit  the 
marked  regularity  in  their  banding,  there  are  others  that  are 
more  massive  and  uniform,  and  yet  that  from  their  general 
relations  and  associations  give  strong  evidence  of  belonging  in 
the  sedimentary  series  with  the  limestones.  They  are  almost 
always  rusty  on  their  outcrops  as  distinguished  from  the 
certain  eruptives  and  whenever  this  character  is  observed  we 
commonly  look  with  success  for  the  near  presence  of  lime- 
stones. Although  apparently  quite  basic  the  microscope 
reveals  in  most  cases  quartz  and  microperthite  as  the  light- 
colored  minerals  in  the  midst  of  the  prevailing  hornblende  and 
less  augite.  Plagioclase  is  not  lacking,  but  is  decidedly  sub- 
ordinate.    Graphite  has  been  occasionall3-  detected  in  them. 

These  rocks  have  proved  exceedingly  puzzling  members  to 
deal  with  in  the  field,  because  one  would  be  inclined  at  first 
sight  and  from  microscopic  examination  to  regard  them  as 
gneissoid  gabbros  or  diorites,  but  the  microscope  gives  the 
results  just  specified  and  the  structural  relations  which  will  be 
shortly  taken  up  lead  to  the  conclusion  that  they  are  altered 
sediments,  and  that  they  probably  represent  large  and  fairly 
uniform  bodies  of  shale. 

Professor  Gushing  has  noted  in  the  eastern  part  of  Franklin 
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county  considerable  outcrops  of  a  ver>'^  coarsely  crystalline  and 
slightly  rusty  rock,  which  I  have  likewise  had  the  privilege  of 
studying  in  the  field  with  him.  It  consists  of  almost  nothing 
else  than  lenticles  of  quartz,  half  an  inch  or  more  wide,  an 
eighth  or  more  thick,  and  an  inch  or  two  long,  which  are  set  in 
a  matrix  of  microperthite.  Practically  no  dark  silicates  appear. 
I  have  also  occasionally  observed  the  same  rock  further  south 
and  I  do  not  know  how  to  account  for  it  otherwise  than  as  a 
recrystallized  and  squeezed  conglomerate,  whose  pebbles  have 
been  stretched  and  rolled  out  to  lenticles  and  whose  interstitial 
filling  has  yielded  the  microperthite.  If  this  view  be  correct, 
we  have  all  the  ordinar3'  members  of  a  sedimentary  series  rep- 
resented among  these  metamorphic  rocks  and  a  much  more 
probable  association  for  an  important  and  extended  member  of 
the  geological  column,  than  would  any  one  or  two  of  the  above 
cited  members  be  alone.  It  is  quite  possible  that  others  of  the 
more  massive  gneisses  are  altered  sediments  rather  than 
sheared  eruptives,  but  in  the  absence  of  positive  proofs,  I 
hesitate  to  take  even  a  tentative  position  regarding  them, 
although  I  am  free  to  admit  that  beginning  with  prepossessions 
in  favor  of  the  igneous  origin  of  many  of  the  gneisses,  I  have 
become  more  and  more  convinced  that  altered  sediments  play 
a  very  prominent  r61e. 

GENERAL  DISTRIBUTION   OF  THE  METAMORPHOSED  SEDI- 
MENTS. 

The  Northwest. — ^The  crystalline  limestones  furnish  the  most 
widely  distributed,  indubitable  form  of  pre-Cambrian  sediment 
with  which  we  can  deal  in  a  general  sketch,  but  as  already 
indicated  it  is  fully  within  the  bounds  of  probability  that 
other  kinds  of  rocks  will  be  recognized  to  possess  this  same 
character,  as  time  goes  on  and  observations  accumulate.  The 
limestones  are  in  much  the  largest  amount  of  all  the  Adiron- 
dack localities  in  the  northwest,  where  they  have  been  inves- 
tigated by  Professor  C.  H.  Smyth,  Jr.  St.  Lawrence  county 
chiefly  contains  them  and  they  are  also  found  in  important 
areas  in  the  neighboring  counties  of  Jefferson  and  Lewis. 
They  are  all  not  accurately  mapped  as  yet.  They  constitute 
large  northeast  and  southwest  belts  as  well  as  minor  exposures. 
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but  to  what  extent  additional  ones  are  buried  beneath  the 
Potsdam,  the  Drift,  and  the  forest  growth  we  have  no  means  of 
knowing.  Smyth  has  already  mentioned  four  principal  belts. 
The  northwestern  one  is  called  the  Macomb.  It  extends  from 
Theresa  township,  in  Jefferson  county,  across  the  county  line 
and  through  Rossie,  Macomb,  and  De  Kalb  into  De  Peyster, 
St.  Lawrence  county.  This  makes  a  distance  of  about  25 
miles  and  the  belt  may  be  2  miles  across.  The  next  one  to 
the  southeast  is  the  Gouverneur  belt,  the  largest  of  all.  It 
begins  in  Antwerp,  Jefferson  county,  and  runs  for  35  miles 
through  Rossie,  Gouverneur,  and  De  Kalb,  terminating  in 
Canton.  It  varies  from  2  to  6  miles  across  but  is  somewhat 
divided  as  regards  outcrops  by  overlying  Potsdam  and  by 
gneiss.  The  next  belt  to  the  southeast  runs  from  Fowler 
township  through  Edwards  and  terminates  in  Russell ,  and  the 
last  of  the  four  extends  from  Wilna,  Jefferson  county,  through 
Diana  in  the  same  county,  to  and  into  Pitcaim,  St.  Lawrence 
count^^  All  lovers  of  minerals  will  recognize  at  once  in  these 
names  classic  localities  of  many  species,  which  more  than  any 
other  one  product  have  served  to  make  this  region  known,  the 
world  over. 

There  are  other  small  areas  in  Pierrepont,  Parish ville,  and 
Potsdam  further  north,  which  have  been  located  by  Professor 
Gushing  upon  his  published  map  of  the  boundary  of  the  Pots- 
dam, executed  for  Professor  James  Hall,  and  if  we  may -draw 
inferences  from  Professor  Ebenezer  Emmons*  few  notes  in  the 
early  Surv^ey  of  the  Second  District  of  New  York,  still  other 
outcrops  exist  toward  the  Thousand  Islands  of  which  Pro- 
fessor Smyth  will  no  doubt  prepare  descriptions  in  time.  But 
when  one  passes  to  the  southeast  of  the  Diana  belt,  Smyth  has 
stated  that  for  30  miles  the  gneisses  extend  without  a  break. 
Limestones  are,  however,  known  at  the  Fourth  lake  of  the 
Fulton  Chain,  as  recorded  by  Vanuxem  and  they  have  been 
found  by  Smyth  in  small  amount  amid  gneisses  near  Bisby 
lake  and  on  the  South  Branch  of  the  Moose  river  at  its  junc- 
tion with  Limekiln  brook.  Emmons  also  mentions  limestones 
as  abundant  around  a  lake  that  he  calls  Lake  Janet  and  again 
Lake  Genet,  and  describes  as  being  at  the  head  of  the  Marion 
river.     Lake  Janet  is  apparently   the   one   now   called   Blue 
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Mountain  lake,  but  although  fairly  detailed  work  has  been 
done  around  it  by  my  assistant  D.  H.  Newland,  no  record  of 
these  rocks  was  made  and  there  may  be  some  mistake  about 
the  earlier  note. 

Despite  these  small  areas  last  mentioned  there  still  remains 
a  vast  extent  of  crystallines  that  form  a  broad  area  from  north- 
east to  southwest  wherein  no  sediments  are  known.  This  is 
the  greatest  stretch  of  the  whole  Adirondack  region  that  is 
devoid  of  them  and  as  it  forms  a  somewhat  pronounced  belt, 
parallel  to  the  general  structural  trend  of  the  country,  it  can- 
not well  be  without  some  special  significance.  Much  of  this 
stretch  in  Franklin  Cotmty  has  been  shown  by  Gushing  to  be 
anorthosite,  but  to  the  southwest  it  appears  to  be  granitic 
gneiss,  of  greater  uniformity  than  is  usual  elsewhere. 

The  Easterji  Side, — Beginning  on  the  northeast,  but  one 
exposure  has  been  met  in  Clinton  county  and  that  is  a  stratum 
about  20  feet  thick  and  150  feet  long  at  the  foot  of  Catamount 
mountain.  Dip  and  strike  are  very  difficult  to  determine  with 
accuracy.  The  bed  apparently  passes  into  the  mountain  at  an 
angle  of  about  45°-6o°.  The  relations  will,  however,  be 
more  fully  commented  on  in  taking  up  the  stratigraphical 
features  under  a  subsequent  topic. 

Just  across  the  line  in  Franklin  county,  and  near  the  village 
of  Franklin  Falls,  there  are  two  separated  ledges  of  limestone. 
The  dips  are  low  and  with  the  calcareous  beds  are  rusty  hom- 
blendic  gneisses  and  some  graphitic  quartzite,  the  latter  being 
certainly  sedimentary  and  the  former  probably  the  same. 
Intrusions  of  anorthosite  have  served  to  obscure  the  larger 
relations. 

In  Essex  county,  to  the  south,  in  St.  Armand  township,  a 
double  bed  of  white,  crystalline  limestone  outcrops  at  the  foot 
of  the  steep,  westerly  spur  of  Whiteface  mountain.  It  lies 
embedded  in  feldspathic  gneisses,  but  anorthosites  outcrop 
further  up  the  slope.  In  North  Elba,  the  next  township  east- 
ward, and  on  the  western  slopes  of  Sentinel  mountain,  in  the 
Wilmington  Pass,  a  small  ledge  of  limestone  has  been  met, 
obscurely  exposed  in  the  bed  of  a  little  brook.  Passing  to 
Keene  township,  the  next  one  east,  there  are  a  number  of 
exposures  in  the  northern  portion  that  together  constitute  a 
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pronounced  belt.  From  a  point  a  mile  south  of  Keene  Center 
for  several  miles  to  the  north,  until  one  passes  into  Jay,  they 
may  be  located  first  on  the  west  side  of  the  valley  and  then  on 
the  east.  Quartzites  in  small  amount  and  a  great  thickness  of 
dark,  rusty  hornblendic  gneisses  accompany  them.  Away 
from  the  central  valley  and  well  up  into  the  bounding  ranges 
of  mountains,  limestones  have  been  discovered  both  in  the 
eastern  and  southeastern  portions  of  Jay.  Over  the  high 
di\'ide  in  Chesterfield  township,  the  next  one  to  Jay  on  the 
east,  two  exposures  have  been  met,  each  time  involved  with 
gneisses,  but  each  time  in  a  region  where  huge  intrusions  of 
anorthosite  are  likewise  serious  factors  in  the  geology, 
although  at  some  distance  from  the  limestone.  In  Le\N4s 
township,  next  south,  as  well  as  in  Elizabethtown  which  lies 
beyond,  a  long  succession  of  limestones  and  quartzites  in  a 
general  north  and  south  belt,  are  met  over  a  stretch  of  at  least . 
15  miles,  but  they  are  much  broken  up  by  anorthosites  and 
basic  gabbros.  In  two  or  three  instances,  however,  the  ledges 
are  of  the  greatest  stratigraphical  interest,  as  I  shall  shortly 
bring  out. 

In  the  valley  of  Lake  Champlain  a  small  exposure  of  lime- 
stone with  much  associated  graphite  forms  the  extreme  point 
at  the  picturesque  Split  Rock,  Essex  township,  a  landmark  to 
all  travelers  by  steamer  on  the  lake.  'UTiile  the  amount  of 
limestone  is  not  great,  the  associated  gneisses  are  in  con- 
siderable development,  before  they  are  replaced  by  anortho- 
sites, which  make  up  the  main  part  of  the  Split  Rock  range. 
No  more  limestones  are  then  met  until  a  point  is  reached  in 
the  hills  in  the  extreme  southwestern  part  of  Westport,  where 
again  a  small  ledge  has  been  located  in  the  midst  of  an  area 
consisting  chiefly  of  the  plutonic  intrusives.  In  Moriah  town- 
ship, both  on  the  lake  near  Port  Henr3^  and  back  in  the  upland 
valley  which  rises  to  the  westward  from  the  lake,  the  lime- 
stones are  frequent  and  of  considerable  thickness.  Next  the 
lake  they  are  the  best  exposed  and  thickest  of  any  outcrops  in 
the  eastern  part  of  the  mountains.  Details  of  the  exposure 
have  already  been  printed  by  me.  In  Crown  Point  andTicbn- 
deroga,  the  next  townships  south  along  the  lake,  small  ledges 
have  been  located  in  many  places  and  relatively  large  areas  of 
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the  associated  gneisses,  and  if  we  pass  right  down  into 
Washington  county,  on  the  south,  we  shall  find  in  the  high 
narrow  ridge  that  lies  between  Lake  Champlain  and  Lake 
George  several  small  beds  in  Putnam  and  Dresden  townships. 
In  Whitehall  and  Fort  Ann,  however,  the  exposures  become 
more  serious  and  give  greater  promise  of  stratigraphical 
results.  At  Whitehall  an  attempt  has  been  made  by  me  to 
work  them  out,  and  in  a  report,  that  will  shortly  appear  from 
the  office  of  the  State  Geologist  in  Albany,  a  detailed  map 
with  cross-sections  will  be  given  which  indicate  a  marked  anti- 
clinal character  for  them  and  the  associated  gneisses.  Quartzose 
gneisses  are  also  present  that  afford  strong  evidence  of  being 
metamorphosed  sediments. 

If  now  we  return  to  the  latitude  of  Crown  Point  and  Ticon- 
deroga  and  pass  westward  into  Schroon,  we  find  a  belt  along  a 
somewhat  marked  depression,  ranging  from  western  Crown 
Point,  through  the  valley  of  Paradox  lake  to  and  along 
Schroon  lake.  There  are  likewise  scattered  outliers  in  the 
adjoining  hills.  Still  further  westward  in  Minerva  and  again 
to  the  north  in  Newcomb,  right  in  the  heart  of  the  mountains 
and  west  of  the  highest  peaks,  very  extended  outcrops  occur, 
as  usual  with  the  associated  gneisses.  They  scarcely  cross  the 
line  from  Essex  into  Hamilton  county  to  the  west,  but  they 
run  south  through  Warren  county  and  appear  in  small  and 
scattered  areas  in  Johnsburgh,  Chester,  and  Thurman.  In 
eastern  Hamilton  county,  two  or  three  have  been  discovered 
in  Wells  and  Lake  Pleasant  townships.  But  then  they  seem 
to  end  so  far  as  our  present  information  goes,  and  from  these 
townships  southward  along  the  western  border  line  of 
Hamilton  county  and  in  a  sweep  around  to  the  westward  along 
the  southern  rim  of  the  crystallines,  so  far  as  known  they 
fail.  To  the  eastward  in  Warren  county,  we  have  located  a 
number  of  small  and  scattered  outcrops,  amid  the  gneisses  of 
Horicon  and  Bolton  townships,  while  in  Hague  are  the  inter- 
esting quartzites  already  referred  to.  In  the  several  townships 
that  intervene  on  the  south  before  the  mantle  of  the  Paleozoic 
conceals  the  crystallines,  the  limestone  is  lacking  so  far  as 
known. 

RSsumi, — In  a  brief  general  survey  of  these  various  details. 
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it  is  evident  that  the  limestones  are  chiefly  found  along  the 
northwest  and  southeast  or  eastern  portion  of  the  great 
crystalline  area.  In  its  northern  portion  they  practically  fail, 
and  in  the  broad  band  running  from  northeast  to  southwest 
across  it,  they  are  unknown.  The3'  are  likewise  absent  in  the 
southern  and  southwestern  border.  On  the  northwest  they 
are  in  extended  and  comparatively  broad  belts,  but  in  the 
eastern  portion  they  appear  in  many  small  and  separated 
exposures,  associated  with  some  quartzites  and  much  greater 
amounts  of  characteristic  gneisses,  but  greatly  broken  up  by 
igneous  intrusions. 

Broadly  considered,  it  is  inconceivable  that  we  should  have 
these  numerous  thin  exposures  of  limestones,  undoubted  sedi- 
ments, over  so  wide  an  area,  without  corresponding  and  ver}' 
much  greater  amounts  of  elastics.  The  comparatively  few 
recognizable  quartzites  ser\'e  to  corroborate  the  inference  so 
far  as  they  go,  but  it  is  still  an  inevitable  conclusion  that  we 
must  have  the  representatives  of  very  much  greater  deposits, 
that  have  been  shales  or  some  similar  materials,  and  that  are 
represented  now  by  the  gneisses,  because  schists  or  slates  are 
practically  unknown. 

It  is  also  significant  that  so  far  as  our  present  information 
goes  the  recognizable,  fragmental  sediments  are  most  numer- 
ous on  the  east,  where  at  the  same  time  the  limestones  are 
thinnest  and  most  scattered.  While  it  is  well  appreciated  by 
me,  that  much  fuller  knowledge  awaits  us  as  Professor 
Smyth's  work  progresses,  yet  the  significance  of  this  relation 
cannot  be  entirely  overlooked,  and  it  seems  justifiable  to  believe 
that  if  the  limestones  on  both  sides  of  the  mountains  belong  to 
the  same  geological  series,  the  sedimentation  involved  more 
shales  and  sandstones  on  the  east  and  more  limestone  on  the 
west.  To  a  certain  degree  the  same  relations  hold  good  for 
the  Trenton  series  to-day,  its  limestone  being  more  massive  on 
the  southwest  of  the  crystallines  and  more  shaly  on  the  eastern 
boundary.  Nevertheless,  for  the  pre-Cambrian  formations, 
the  assured,  fragmental  sediments  are  still,  as  emphasized 
above,  comparatively  thin  and  scarce,  and  the  inferences  just 
stated  regarding  the  gneisses  will  arise.  With  a  view  of 
throwing  light  on  this  question  a  few  typical  sections  will  now 
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be  given  in  some  detail,  and  in  the  mind  of  the  obsen^er  or 
reader,  the  point  of  view  should  always  be  maintained  as  to 
whether  it  is  possible  to  explain  such  relations  by  igneous 
contacts,  or  whether  we  must  not  logically  refer  them  to  a 
regular  sedimentary  succession. 

TYPICAL  STRATIGRAPHICAL   CROSS-SECTIONS. 

Catamount  Mountain, — This  is  the  most  northerly  of  the 
eastern  outcrops.  Although  the  crystallines  extend  for  miles 
beyond,  there  are  no  more  limestones.  At  the  foot  of  a  steep 
mountainside  that  looks  away  to  the  southeast  and  that  rises 
from  12  to  1500  feet  above  the  valley,  a  ledge  of  limestone 
has  been  well  exposed  by  quarry  operations.  It  is  20  feet 
thick  and  150  feet  long.  It  is  a  difl&cult  matter  to  convince 
one*s  self  of  the  dip  and  strike,  but  certainly  the  upper  edge  of 
the  limestone  runs  along  quite  regularly  and  considered  as  a 
whole  the  rock  seems  to  be  a  distinctly  bedded  mass  in  other 
rocks.  The  banding  of  the  included  minerals  give  a  dip  of 
from  45°  to  60°  in  the  mountain.  All  exposures  of  rock  are 
concealed  both  above  and  below  the  limestone  so  that  its  imme- 
diate associates  cannot  be  made  out,  but  out  in  the  valley,  in 
the  road,  a  short  distance  to  the  south,  Gushing  has  noted  an 
outcrop  of  a  rusty  friable  gneiss  consisting  of  nearly  colorless 
monoclinic  pyroxene  and  microperthite.  With  these  are  silli- 
manite,  titanite,  magnetite,  pyrite,  and  graphite.  A  band  of 
basic  hornblende,  plagioclase  gneiss  is  also  associated.  These 
latter  details  I  quote  from  Gushing  with  whom,  however,  I 
have  been  over  the  ground.  In  Wilmington  mountain  to  the 
*  southeast,  I  have  found  further  outcrops  of  graphite  rocks  and 
of  homblendic  gneisses  and  pyroxenic  aggregates,  such  as  are 
commonly  associated  with  the  limestone. 

In  passing  up  Gatamount  mountain  above  the  ledge  of  lime- 
stone, no  outcrops  can  be  found  for  a  distance  which  involves 
some  hundreds  of  feet  of  cross-section,  and  then  a  dark 
gneiss  appears  with  parallel  strike  and  vertical  dip.  Under 
the  microscope  it  exhibits  plagioclase,  green  augite,  less  brown 
hornblende,  garnet,  and  magnetite,  an  assemblage  that  has 
strong  affinities  with  gabbros.  Near  the  top  of  the  mountain 
this  rock  yields  to  a  gneiss  with  abundant  quartz.     I  forbear 
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to  attempt  to  interpret  this  poorly  exposed  succession  at  the 
present,  merely  citing  it  as  an  illustration  of  the  relations  met 
and  of  the  difficulties  of  the  problem. 

The  Western  Spur  of  Whiteface. — From  the  northern  end 
of  Lake  Placid  a  wild  and  narrow  pass  runs  across  a  small 
divide,  separating  the  Ausable  drainage  from  that  of  the 
Saranac.  At  very  nearly  the  crest  of  the  water-shed  and  in 
the  foot  of  the  steep  westerly  spur  of  Whiteface  mountain,  a 
double  bed  of  limestone  has  been  discovered.  The  upper 
bench  is  6  feet  and  the  lower  12  with  an  interval  of  25  feet 
occupied  by  gneisses.  Up  the  steep  slope  with  a  somewhat 
flattening  dip,  hornblendic  gneisses  extend  for  300  feet  of 
section,  then  feldspathic  gneisses  for  300  feet  more,  until  the 
peculiar  type  of  anorthosite  of  the  Whiteface  massif  appears. 
To  the  westward  in  scattered  exposures  hornblendic  gneisses 
occur,  until  in  the  second  row  of  hills  anorthosites  replace 
them.  The  exposures  of  limestone  can  only  be  traced  a  short 
distance  on  the  strike,  say  200  yards  before  they  are  concealed, 
but  they  have  all  the  appearance  of  a  regularl}'  stratified,  sedi- 
mentary rock,  and  their  contacts  give  no  e\ndence  of  igneous 
metaniorphism.     They  dip  into  the  mountain  at  about  40®. 

The  Lewis  Section  0/  Quartzite, — About  i  mile  west  of  Lewis 
post-office  a  ledge  of  graphitic  quartzite  arises  out  of  the  sandy 
terrace  and,  with  a  dip  of  25°  to  the  west,  extends  for 
quite  100  yards  without  a  break.  It  then  dips  under  a  series 
of  graphitic  gneisses,  which  may  be  found  a  little  to  the  south, 
across  a  narrow  gulch.  Still  further  westward  and  after  an 
interval  that  is  concealed,  the  anorthosites  appear  in  a  hillside. 
To  the  eastward  of  the  quartzite  ledge  e\'er3'thing  is  concealed 
by  a  half  mile  of  s;\nd  and  then  anorthosites  again  appear. 
The  quart/ites  and  their  associated,  graphitic  gneisses  present 
every  character  of  a  seilimentary  series  and  while  examining 
thorn  ouo  cannot  resist  tlie  c^niviction  that  one  is  face  to  face 
with  a  fraiiuiont  ot  an  ancient  series  of  elastics.  Further  south 
the  anorthvvsites  haxx'  Kvu  found  outcropping  within  less  than 
50  feet  of  the  s<.\limeutary  rvvks  anvl  with  abundant  evidence 
of  ovM\taot  uictauK^rphism. 

TK-'  />sw*  *V,\A\xA»i\v  :v  /.;MfiK*,\  JA**«ir,\j/v, — In  the  south- 
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western  comer  of  Lewis  and  near  its  line  with  Elizabethtown, 
there  arises  a  bunch  of  peaks,  called  Limekiln  Mountain  on  the 
maps  of  the  U.  S.  Geological  Survey.  The  main  summit  is 
about  3000  feet  above  sea-level.  A  number  of  valleys  and 
gulches  separate  the  mountain  into  several  knobs.  A  gradual, 
drift-covered  slope  rises  from  the  valley  on  the  east  to  a  height 
of  about  1400  feet  above  tide,  and  then  the  shoulder  of  the 
mountain  ascends  quite  abruptly;  Just  in  the  foot  of  this  slope 
a  ledge  of  limestone  20  to  30  feet  thick  has  been  opened  up  for 
quicklime.  The  dip  is  very  flat,  being  almost  horizontal. 
The  exposures  extend  perhaps  50  yards  and  then  are  concealed 
by  soil.  The  rock  beneath  the  limestone  is  not  shown,  but 
excellent  opportunities  are  afforded  to  run  the  section  up  the 
hill  for  a  considerable  distance.  For  50  feet  across  the  dip, 
gneisses  appear  which  are  shown  by  the  microscope  to  contain 
quartz,  microperthite,  some  plagioclase,  augite,  and  magnetite. 
After  a  concealed  interval,  rocks  of  a  gabbroic  character,  are 
met,  consisting  of  labradorite,  green  augite,  garnet,  and 
magnetite,  but  with  no  microperthite  or  quartz.  If  now  we 
pass  across  the  high  ridge  to  the  westward  and  down  into  the 
next  valley  evidences  of  limestones  not  well  displayed  may  be 
discovered  and  then  a  quarter  of  a  mile  further  and  somewhat 
southwest  from  the  first  locality  a  beautifully  exposed  and 
regularly  bedded  stratum,  20  feet  in  thickness  and  dipping  not 
more  than  10°  into  the  mountain  is  revealed  in  old  workings 
for  quicklime.  Its  general  strike  and  dip  are  closely  parallel 
with  the  one  just  mentioned,  on  the  other  side  of  the  mountain 
but  it  has  this  advantage,  that  the  gneisses  are  well  shown 
beneath  it,  and  one  can  climb  the  steep  ledges  of  gneiss  above 
it  for  more  than  a  1000  feet  of  cross-section.  They  are  the  same 
quartzose,  microperthitic  gneisses  mentioned  a  moment  ago. 
The  limestone  itself  forms  a  very  flat  and  gentle  roll  and  then 
disappears  under  the  talus  in  each  direction.  Other  small 
rolls  can  be  traced  out  in  the  direction  of  the  dip,  before  they 
disappear  for  good.  In  the  bottoms  of  brooks  in  this  same 
portion  of  the  mountain,  graphitic  gneisses  have  been  met, 
fairly  remote  from  the  limestone,  but  the  forest  growth  is  so 
thick  and  the  exposures  so  fragmentary  that  connected 
structural  details  cannot  well  be  worked  out. 
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These  two  separated  ledges  of  limestone  with  their  flat  dips 
and  close  resemblance  to  the  familiar  sections  in  the  Paleozoic 
or  other  well-defined  sediments,  have  borne  home  to  the  writer 
with  greater  force  than  have  any  others  observed  in  the 
eastern  mountains  the  general  conception  of  what  the  ancient 
sediments  must  once  have  been,  before  metamorphism,  igneous 
intrusions,  and  upheavals  threw  them  out  of  their  simple  and 
regular  relations.  They  show  that  despite  the  severity  of  the 
changes  elsewhere  displayed,  two  remnants  remain,  not 
appreciably  mashed,  and  scarcely  even  tilted,  and  one  can  well 
picture  to  one'sself  a  regular  and  wide-spread  sedimentary  series 
covering  extended  areas  in  this  region. 

The  Styles  Brook  Sectio7i  m  Southern  Jay, — One  more  section 
will  suffice.  It  is  located  5  miles  from  the  last  and  beyond  a 
group  of  mountains.  It  runs  in  a  northeast  and  southwest 
line  across  a  beautiful  valley,  about  2  miles  wide.  In  the 
bottom  of  the  valley,  and  fortunately  cleared  of  a  heavy  mantle 
of  overlying  drift  by  a  recent  freshet,  about  50  feet  of  graphitic 
quartzites  and  gneisses  with  a  northerly  dip  of  35°  are 
exposed.  To  the  northeast,  within  an  eighth  of  a  mile,  a  huge 
flow  of  basic  gabbro  cuts  out  the  sediments.  To  the  south- 
west, after  three-quarters  of  a  mile  of  drift,  there  are  rusty 
hornblendic  gneisses,  which  dip  almost  the  same  as  the 
previously  mentioned  ledge  of  quartzite  ;  then  after  another 
three-quarters  of  a  mile  of  drift  and  forest-covered  mountain- 
side, quartzite,  charged  with  pyrite,  constitutes  the  country 
rock.  Anorthasites  appear  not  far  away  along  the  mountain, 
but  still,  despite  the  fragmentar>'  exposures,  one  must  believe 
in  the  presence  of  a  very  considerable  and  not  greatly  disturbed 
series  of  seiliments.  Along  the  strike  of  the  first-mentioned 
quartzite  in  the  valley  abundant  limestones  are  found  ^4thin  a 
mile. 

Instances  similar  to  the  ones  which  have  been  cited  could 
Ix"  ijnMtly  uuiltipHcil,  for  we  have  now  recorded  over  50 
sc^iuratccxjx^suresot  the  limestones  in  the  eastern  mountains, 
but  the  ian>:o  of  pheuontona  is  tairly  well  illustrated  by  the 
alxnc.  In  uuv^t  oasc^s  thoy  arv  isolalevi  fragments,  too  much 
broken  up  by  cuiplivcs  to  admit  of  working  out  extended 
struotuTv,   but  as  one  ^mss^^s  intv^  Wairen  cv^unty  the  larger 
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manifestations  of  the  undoubted  eruptives  decrease  and 
encouraging  opportunities  are  afforded  to  trace  out  folds  or 
other  structural  features.  In  one  or  two  cases  this  has  been 
done  by  me,  and  the  coming  summer  the  matter  will  be  carried 
further  under  the  auspices  of  the  State  Geologist,  but  more 
detailed  work  is  required  than  we  have  been  able  to  attempt 
in  the  first  reconnaissance. 

For  the  greater  areas  of  limestone  on  the  northwest,  Smyth 
has  found  evidence  of  a  series  of  compressed  folds,  which  pitch 
to  the  northeast,  and  which  are  overturned  so  as  to  dip  on  both 
flanks  to  the  northwest,  but  his  statements  are  as  yet  somewhat 
guarded.^ 

The  Significance  of  Graphite,  — Graphite  has  been  tentatively 
referred  to  in  many  places  as  one  of  the  criteria  for  determining 
the  presence  of  sedimentary  rocks,  and  for  a  moment  its  value 
in  this  respect  deserves  consideration.  While  I  am  well  aware 
that  it  often  appears  in  pegmatitic  dikes  or  veins,  and  indeed 
that  the  old  historic  mines  at  Chilson  Hill,  Ticonderbga,  are 
based  upon  deposits  of  this  character,  yet  it  is  true  that  the 
graphite  is  almost  never  met  except  in  close  connection  with 
the  limestones  or  their  characteristic  associates,  or  in  areas 
where  these  form  a  prominent  feature  in  the  local  geology. 
The  commonest  occurrence  is  immediately  in  the  limestones 
and  hardly  an  exposure  of  them  or  of  the  bunches  of  siUcates 
in  them  has  been  discovered  without  the  presence  of  the 
shining  black  scales. 

When  graphite  appears  in  metamorphic  rocks  it  has  been 
generally  considered  in  America  and  until  recently  abroad  as 
well,  to  have  been  derived  from  organic  matter  originally  in 
the  sediments,  but  in  more  recent  years  investigations  have 
been  carried  out  which  throw  some  doubt  on  these  conceptions. 
Graphite,  considered  purely  as  a  mineral,  has  come  in  for  a 
large  share  of  attention  and  some  writers  have  even 
distinguished  three  varieties ;  viz, ,  graphite,  graphitite,  and 
graphitoid,  depending  on  differences  of  physical  structure  or 
behavior  with  oxidizing  reagents.  Weinschenk,  of  Munich, 
has,  however,  quite  conclusively  shown  in  a  recent  paper,  that 
all  are  varieties  of  graphite  proper,  differing  only  in  fineness  of 

^  Report  of  the  State  Geologist  of  New  York  for  1893,  I,  497. 
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scales  or  perfection  of  crystalline  form.  All  true  graphite, 
when  warmed  with  fuming  nitric  acid  and  potassium  chlorate, 
changes  into  yellow,  transparent  crystals,  possessing  the  same 
hexagonal  form  as  the  original  and  exhibiting,  while  wet  and 
fresh,  the  optical  properties  of  a  negative  uniaxial  crystal. 
These  are  called  graphitic  acid.  They  yield  by  analysis  some- 
what variable  results  but  they  are  known  to  have  assumed 
over  40  per  cent,  of  oxygen  and  about  1.5  of  hydrogen.  Other 
dark  amorphous  forms  of  carbon  dissolve  in  fuming  nitric  acid 
and  potassium  chlorate  to  a  brown  liquid. 

So  far  as  my  observations  go,  all  the  occurrences  on  the  east 
are  true  graphite.  I  have  not  noted  any  other  form  of  carbona- 
ceous matter,  but  in  the  marbles  quarried  at  Gouvemeur  there 
are  cloudy  veinings,  which  may  not  be  the  mineral. 

In  a  valuable  paper  on  the  graphite  deposits  along  the  border 
of  Bavaria  and  Bohemia,  usually  leferred  to  as  the  Passau 
district,  Weinschenk*  has  showTi  that  the  graphite  occurs  in  a 
much  decomposed  gneiss,  in  lenticular  enrichments,  the  best 
of  which  are  associated  with  crystalline  limestone,  and  all  of 
which  follow  the  contact  line  of  a  huge  granite  intrusion  and 
at  a  small  distance  from  it.  WTien  the  contact  is  left  the 
graphite  deposits  become  leaner  and  leaner  and  finally  die  out. 
The  graphite  fills  all  manner  of  cracks  in  the  minerals  of  the 
containing  rock  and  the  interstices  between  the  minerals  and 
may  even  amount  to  60  or  70  per  cent,  of  the  mass. 
Woinschonk  cv^ucludes  that  the  graphite  has  not  come  from 
original  de^x^sits  in  the  gtieiss  and  limestone,  but  from  gases 
emittc\l  at  nuxlerate  tomjvratures  from  the  granite  and  which 
lXMietratc\l  into  all  tl\e  small  ca\-ities  of  the  gneiss  and  lime- 
stv>no»  Tltc  n\vx<t  prv^lwble  constituents  of  the  gases  are 
thouiiht  to  Ix"  oarKniio  oxide.  oarlxMiates  of  iron  and  manganese, 
oyanivlcs  of  titanium,  oarlxvaio  acid,  and  water.  All  con- 
trilnuions  trom  the  >:nciss  and  limestone  and  all  other  forms  of 
v\ul\n\ac\vus  matter  arc  s;x\rit:cally  rxilevi  out. 

Into  iho  a*>uuvlani  v^thci  literaturx^  v>t  irraphite.  especially  as 
vviKvius  vVnIo^  o;  v^:ho:  v:\xluoti\x^  rvgic^ns,  I  do  not  go,  as 
the  nn^v:  tan:  *jV^vat  Ix^to^v  «-<  is  :v^  v:ctcnnine  the  significance 
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of  the  graphite  in  the  Adirondack  rocks,  and  to  decide 
whether  its  carbon  has  been  introduced  by  the  eruptives.  Of 
eruptives  there  is  no  lack,  if  not  always  in  immediate 
association  with  the  graphitic  rocks,  at  least  within  short  dis- 
tances. 

In  any  conclusions  the  following  conditions  must  be  met : 

1 .  The  graphite  is  in  all  the  crystalline  limestones,  some- 
times richly. 

2.  It  is  most  coarsely  crystalline  in  the  pegmatitic  bunches 
of  silicates,  which  of  all  sizes  from  that  of  the  finest  to  that  of 
many  cubic  yards,  are  so  richly  present  in  the  limestones. 

3.  It  is  richly  developed  in  the  quartzite  at  Hague  and 
appears  in  many  others  in  less  amount. 

4.  It  forms  scattered  scales  in  the  rusty  gneisses  which  are 
associated  with  the  limestones,  but  here  only  in  comparatively 
small  amount. 

5.  It  enters  richly  some  pegmatite  veins  and  forms  pockets 
of  considerable  size  as  well  as  leaf-like  individuals  which  wrap 
around  the  component  minerals  of  the  rock,  penetrate  their 
cracks;  and  impregnate  every  fissure.  In  the  Ticonderoga 
veins,  which  cut  across  the  foliation  of  a  gneiss,  the  graphite 
is  associated  with  feldspar,  quartz,  pyroxene,  calcite,  and 
apatite,  all  in  very  coarsely  crystalline  development. 

6.  It  also  forms  veins  by  itself  in  gneisses,  as  at  Split  Rock, 
near  Essex,  where  fissures  an  inch  or  more  wide  are  lined  with 
large  leaflets,  growing  out  from  the  walls  and  mingled  with 
quartz  in  small  amount.  To  what  depth  the  veins  extend 
cannot  be  stated,  but  they  run  for  some  yards  on  the  surface 
in  the  little  prospect  where  they  are  exposed. 

7.  Graphite  has  been  discovered  by  me  in  one  place  in 
anorthosite,  where  the  latter  was  in  close  association  with  rocks 
of  the  limestone  series.  One  or  two  small  scales  were  detected 
in  the  midst  of  the  labradorite  crystals.  Dr.  Hillebrand,  of 
the  United  States  Geological  Survey,  has  also  determined  by 
analysis  the  presence  of  carbon  not  combined  as  carbonates  to 
an  amount  of  0.05  per  cent,  in  the  igneous,  titaniferous 
magnetites  near  Lincoln  Pond,  Elizabethtown,  and  has  obtained 
traces  in   samples   from    two  other    mines.     Gneisses  were 
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located  near  these  intrusions  but  no  limestones  have  been  dis- 
covered nearer  than  several  miles. 

From  the  above  it  is  evident  that  in  the  cases  of  the  pegma- 
tite veins  and  included  bunches  of  silicates  in  the  limestones, 
the  carbon  of  the  graphite  has  been  introduced  into  its  present 
situation  in  some  migratory  and  penetrating  form  and  that  it 
has  permeated  the  crevices  of  the  rocks.  The  interesting 
point  is  whether  it  has  probably  come  from  the  intruded 
magmas,  or  whether  under  the  metamorphic  processes  of  a 
regional  character  as  well  as  of  a  contact  nature  it  has  been 
produced  from  carbonaceous  matter  originally  in  the  sediments. 
Despite  the  occurrence  of  very  small  amounts  in  the  igneous 
rocks,  my  own  opinion  from  the  preponderating  evidence  is 
that  it  has  been  derived  from  the  limestones,  quartzites,  and 
gneisses  and  has  only  been  worked  over,  caused  to  migrate  and 
recrystallize  by  the  metamorphosing  agents.  The  practical 
limitation  of  the  graphite  in  large  amount  to  the  limestones 
and  gneisses  seems  to  me  to  favor  this  decision,  but  I  am  free 
to  admit  that  the  other  \new  has  some  points  in  its  favor. 
There  is  no  question  that  some  conditions,  analogous  to  those 
which  favor  the  production  of  pegmatites,  have  been  necessary 
to  yield  the  coarse  leaves.  Aside,  however,  from  the  question 
of  origin,  abundant  experience  has  proved  the  value  of  graphite 
as  an  indicator  of  sediments  even  if  it  be  not  derived  from  them, 
and  as  a  sort  of  *  *  type  fossil  "  it  is  most  useful. 

Coni-ZusioN, — In  conclusion  the  more  important  points  of  our 
recent  work  upon  the  Adirondack  sediments  may  be  sum- 
marized as  follows:  They  have  been  shown  to  be  much  more 
widely  distributeil  than  we  formerly  appreciated,  but  they  are 
aK^eut  from  a  wide  central  area,  where  only  massive  gneisses 
and  eruptive  uxrks  have  thus  far  been  met.  That  the  sediments 
were  extensive  is  ap|\irent  from  the  exndence  and  from  the 
thinness  of  the  limestones  on  the  east  as  well  as  their 
ass^viation  with  demonstrable  v^uartzites :  we  infer  that  the 
elastics  were  dcjxviitevl  in  much  greater  amount  than  has  been 
Ttwli/evl,  In^th  the  nature  ot  many  ^ieisj>es  and  also  these 
jieueral  vvusivlerntivnts  leavl  us  to  inter  that  shales  or  related 
Twks  have  Ihxu  likewise  pres<^ut.  On  the  east  at  least  we 
have   not    vet   N-^^u   able   tv^   prvn^e  that   the  sediments  fonn 
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synclines,  pinched  into  underlying  gneissoid  rocks.  On  the 
contrary  they  seem  to  constitute  low  dipping  faulted  mono- 
clines. 

All  the  sediments  are  thoroughly  recrystallized  and  meta- 
morphosed and  the  associated  igneous  rocks  are  plutonic  or 
deep-seated  types.  Both  these  facts  indicate  their  former 
burial  at  very  considerable  depths,  and  the  subsequent  removal 
of  some  thousands  of  feet  by  erosion.  The  next  later  rocks, 
of  whose  geological  age  we  are  assured,  are  the  Potsdam  sand- 
stones, which  lie  on  the  old  crystallines  with  dips  seldom  if 
ever  more  than  io°  and  which  are  not  seriously  metamorphosed. 
The  greatly  metamorphosed  sediments  are  certainly  pre- 
Potsdam  and  the  large  tectonic  relations  of  the  Georgian  strata 
in  Vermont  to  the  Potsdam  and  the  crystallines  preclude  our 
considering  the  latter  as  of  possible  early  Cambrian  age.  We 
are  forced  to  conclude,  therefore,  that  they  are  pre-Cambrian, 
and  from  the  comparatively  unmetamorphosed  condition  of  the  • 
Cambrian  beds,  we  infer  that  the  pre-Cambrian  strata  suffered 
their  metamorphism  in  pre-Cambrian  time.  They  may  be 
taxonomic  equivalents  of  the  Huronian,  but  we  have  no  good 
grounds  for  correlation. 

The  evidence  regarding  the  Cambrian,  as  interpreted  by 
Walcott  in  the  Champlain  valley,  leads  us  to  believe  that  the 
Cambrian  sediments  encroached  from  the  eastward  upon  the 
area  of  the  crystallines.  The  Georgian  is  only  found  in 
Vermont.  The  Potsdam  alone  appears  on  the  western  side  of 
Lake  Champlain.  It  was  not  therefore  any  load  of  Paleozoic 
sediments,  which  rendered  possible  the  deep-seated  meta- 
morphism of  the  pre-Cambrian  sediments  and  the  plutonic 
textures  of  the  intrusions,  but  a  load  of  pre-Cambrian  rocks 
which  have  since  disappeared.  What  those  rocks  were  is  an 
interesting  subject  of  speculation. 

They  may  have  been  sediments,  whose  disappearance  leaves 
us  with  a  lost  interval.  If  so  there  is  a  gap  in  the  records, 
which  would  be  more  comprehensible  if  we  had  better  evidence 
of  tight  folds  in  our  pre-Cambrian  sediments  and  not  the  com- 
paratively flat  beds  of  limestone  so  often  seen. 

They  may  have  been  fragmental  ejectments  and  vast  sur- 
face flows  of  lava  from  centers  of  eruption  whose  deep-seated 
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roots  alone  remain  to  us  in  the  anorthosites,  gabbros,  and 
syenitic  rocks  and  whose  materials  piled  up  in  the  not  un- 
reasonable thicknesses  of  some  thousands  of  feet,  have  been 
in  time  removed  to  contribute  to  the  Cambrian  or  still  earlier 
but  undiscovered  strata.  Certainly  the  period  of  erosion  was 
long  and  the  results  pronounced. 

Bearing  these  considerations  in  mind,  sometimes  while  seated 
upon  a  lofty  peak  of  the  mountains  and  while  reflecting  on  the 
scene  spread  out  in  every  direction,  I  have  allowed  my  fancy 
free  play  and  have  pictured  again  the  cones  and  vents  that 
probably  made  of  the  Adirondacks  a  volcanic  center  compar- 
able with  Lake  Superior.  Beginning  with  eruptions  of 
medium  composition,  as  we  know  from  the  oldest  igneous 
rocks  now  present,  they  passed  to  more  acidic  types  and  closed 
with  the  basic  gabbros.  The  fires  seem  then  to  have  cooled 
and  long  erosion  ensued. 

Meantime  beneath  the  piles  of  igneous  rock,  metamorphism 
from  the  hot  intrusions  and  from  the  general  rise  of  the  isogeo- 
therms  went  steadily  forward,  and  the  ancient  sediments, 
whether  calcareous  or  clastic,  were  changed  over  to  marbles, 
quartzites,  and  gneisses.  Their  carbonaceous  matter  became 
destructively  distilled  and  penetrated  every  available  crevice. 
In  time  it  was  changed  to  graphite.  It  even  wandered  over  to 
the  neighboring,  partly  cooled,  igneous  rocks  and  took  part  in 
the  formation  of  the  pegmatites. 

Gradually  the  early  Cambrian  sea  crept  up  on  the  flanks, 
first  attacking  them  in  Vermont.  The  Ordovician  sea  followed 
and  its  sediments  reached  points  well  into  the  crystalline  area. 
Pursuing  the  thought  further  we  may  raise  the  query,  Were 
the  cr>'stallines  then  reduced  to  a  base-level  and  did  sub- 
mergence gradually  bur>'  them»  and  did  the  Ordovician  sea 
and  the  sul>set|uent  Silurian  sea  go  all  across  from  side  to  side 
with  a  cvMitinuous  mantle  of  sediments  ?  Or  were  the  crystal- 
lines a  great  island  during  all  this  time  and  ha\^  they  remained 
so  with  minor  faultings  and  uphea\-als  to  the  present?  These 
arc  quostivMis  easy  to  ask  and  difficult  to  answer.  The  most 
thai  wo  shall  s.iy  alvut  thorn  now  is  that  they  are  another 
story. 
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The  first  paper  before  the  regular  session  of  Tuesday  morning  was 
one  by  Prof.  J.  F.  Kemp  on  the  **  Local  Geology  about  the  City  of  New 
York,^'  which,  during  the  past  several  years,  has  been  studied  in  consid- 
erable detail  by  him  along  with  Dr.  F.  J.  H.  Merrill  and  others.  This  paper 
was  prepared  at  the  request  of  the  **  sectional  committee,"  preliminary  to 
the  three  geological  excursions  arranged  for  and  participated  in  by  the 
members  of  Section  E  and  of  the  Geological  Society  on  the  three  follow- 
ing afternoons. 


The  second  paper  of  the  Tuesday  morning  session  was  by  Mr.  E.  O. 
HovKY  on  the  **  Geological  and  Paleontological  Collections  in  the  Ameri- 
can Museum  oj  Natural  History, ^^  this  paper  having  been  prepared  and 
presented  at  the  request  of  the  sectional  committee  preliminary  to  the 
visit  of  the  members  of  Section  E  and  of  the  Association  at  large  to  the 
American  Museum  Tuesday  evening. 

Of  the  fossil  collections  in  the  museum,  the  first  important  addition  was 
the  Francis  S.  Holmes  collection  of  type  fossils,  obtained  mainly  from  the 
later  tertiary  and  post-tertiary  beds  about  Charleston,  South  Carolina, 
and  described  in  the  two  monographs  by  Tuomey  and  Holmes  on  the 
Pliocene  and  Post-pliocene  fossils  of  South  Carolina .  Next  in  point  of 
time  came  the  collection  of  New  Zealand  moas;  later  still  (1875)  James 
Hairs  great  collection  of  paleozoic  fossils  was  added.  At  intervals  since 
that  time  many  smaller  collections  have  also  come  to  the  museum,  either 
by  purchase  or  donation.  In  the  arrangement  of  this  collection  the  speci- 
mens have  first  of  all  been  distributed  in  stratigraphic  order ;  subordi- 
nate to  this  is  the  grouping  by  geographic  or  lithologic  provinces ;  under 
this  ag^in  a  strictly  biological  classification  has  been  followed. 

The  collection  of  remains  of  fossil  mammals  and  reptiles,  begun  in  1891 
and  opened  to  the  public  in  1895,  is  already  large,  and  includes  many 
wonderful  specimens,  the  like  of  which  are  to  be  found  in  no  other  insti- 
tution in  the  world.  The  primary  idea  in  the  making  and  arranging  of 
these  collections  has  been  to  find  and  exhibit  complete  skeletons  of  such 
extinct  forms  and  series  of  forms  as  would  best  illustrate  the  ancestral 
t3rpes  and  genesis  of  different  classes  of  reptiles  and  mammals.  A  large 
portion  of  this  material  has  been  collected  by  Prof.  Osborne  and  his  asso- 
ciates ;  but  in  1895  and  1898  the  extensive  and  valuable  Cope  collections 
were  secured  by  the  museum.     The  value  of  these  collections  is  still 
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further  increased  by  the  remarkable  life-like  water-color  restorations  of 
many  of  these  extinct  forms  by  Charles  R.  Knight,  which  were  prepared 
under  the  direction  of  Professors  Osborne,  Cope  and  Scott,  and  which 
now  adorn  the  cases  and  walls  of  these  halls. 

The  mineral  collections  in  the  museum  now  contain  about  500  species, 
arranged  according  to  the  sixth  edition  of  Dana's  manual.  Many  of  the 
specimens  are  large  and  showy,  as  should  be  the  case  in  such  a  public 
museum.    The  gem  material  also  is  extensive  and  varied. 


Mr.  F.  H.  Newei^i*,  in  his  paper  on  '^  Hydrographic  Surveys  in 
New  Yorky'*  described  the  object  and  method  of  this  work  now  carried 
on  by  the  United  States  Geological  Survey.  One  of  the  primary  reasons 
urged  for  preserving  the  forests  is  the  beneficial  influence  which 
they  have  upon  the  flow  of  the  streams.  The  belief  is  widespread 
that  the  forest-cover  conserves  the  waters,  preventing  floods,  to  a  certain 
extent,  and  tending  to  increase  summer  flow,  and  that  the  cutting  off  of 
the  forests  has  resulted  in  an  increase  of  spring  floods  and  in  diminished 
flow  during  the  summer  droughts.  All  admit  these  influences,  yet  it  has 
been  extremely  difiicult  to  define  the  degree  to  which  they  are  operative 
and  to  obtain  convincing  data  to  support  many  conclusions. 

It  is  important  to  know  within  reasonable  limits  to  what  extent  the 
forests  and  other  conditions  influence  the  flow  of  streams,  and  the  Divi- 
sion of  Hydrography  of  the  United  States  Geological  Survey,  cooperating 
with  the  Division  of  Forestry  of  the  Department  of  Agriculture,  is  en- 
deavoring to  bring  together  facts  upon  which  an  answer  to  this  important 
question  can  be  based.  The  first  step  is  to  learn  the  fluctuations  of 
various  rivers  in  different  parts  of  the  United  States,  to  ascertain  their 
regimen  and  to  compare  this  with  the  cultural  conditions  of  their  drain- 
age areas.  To  obtain  these  facts  necessitates  careful  examinations,  car- 
ried on  through  several  years,  so  as  to  include  periods  of  drought  as  well 
as  those  of  excessive  precipitation.  For  this  purpose  typical  streams  in 
various  parts  of  the  United  States  have  been  selected  and  stations  estab- 
lished at  which  the  flow  of  the  rivers  is  systematically  measured.  These 
river  stations  in  many  States,  both  east  and  west,  cover  almost  every 
range  of  climatic  condition,  from  humid  to  arid.  In  the  State  of  New 
York  about  twenty  river  stations  are  now  being  maintained,  most  of  these 
being  located  on  streams  coming  from  the  Adirondacks  to  form  the  upper 
Hudson,  the  Mohawk,  or  the  Black  River.  Cooperation  in  this  work  is 
had  with  the  State  Engineer  and  Surveyor,  and  also  with  the  Forest,  Fish 
and  Game  Commission,  recently  appointed. 

Diagrams  showing  the  fluctuations  of  the  streams  from  day  to  day 
throughout  the  year  are  prepared  from  the  results  of  measurements,  ena- 
bling a  person  to  comprehend  at  a  glance  the  g^eat  variation  in  volume 
of  the  streams   under  natural  conditions.     The  changes  due  to  catises 
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beyond  the  control  of  man  being  known,  it  should  be  possible  to  ascer- 
tain the  relative  importance  of  the  fluctuations  which  result  from  artifi- 
cial or  controllable  causes.  It  may  require  observations  extending  over 
a  considerable  length  of  time  before  we  can  definitely  discriminate  be- 
tween effects  produced  by  changes  in  the  forest  conditions  ;  but  however 
long  the  time  or  great  the  expense,  it  is  of  first  importance  to  ascertain 
these  facts. 


Mr.  W  J  McGee's  paper  on  the  "^"^  Occurrence  of  the  Pensauken  (.?) 
Formation  "  within  the  limits  of  the  city  of  Washington  brought  out 
the  following  salient  features :  The  commonly  recognized  geologic  series 
in  Washington  and  vicinity  comprises,  in  descending  order,  ( i )  Later 
(low  level,  or  fluvial)  Columbia;  (2)  Earlier  (high  level,  or  interfluvial) 
Columbia;  (3)  Lafayette;  (4)  Chesapeake;  (5)  Pamunkey;  and  (6) 
Potomac.  In  a  few  localities,  especially  in  the  deep  cutting  in  the  200- 
foot  terrace  at  the  head  of  Sixteenth  street,  deposits  have  been  observed 
which  fail  to  fit  into  this  series.  This  cutting  reveals,  unconformably 
beneath  the  Earlier  Columbia  and  unconformably  above  the  Potomac,  a 
heavy  deposit  of  loam  and  gravel  of  a  structure  and  composition,  texture 
and  material  simulating  the  Earlier  Columbia  formation  in  its  normal 
aspect,  save  that  the  materials  are  more  extensively  disintegrated  and 
decomposed.  The  resemblance  of  the  deposit  to  the  Earlier  Columbia  is 
such  that  it  might  readily  be  classed  with  that  formation  if  found  isolated; 
but  in  the  Sixteenth  street  exposure  the  two  deposits  are  juxtaposed  and 
separated  by  a  well-defined  unconformity,  i.  e.^  the  stratigraphy  shows 
that  the  deposit  in  question  is  materially  older  than  the  Earlier  Columbia. 
On  comparing  the  deposit  with  the  Lafayette  as  displayed  in  the  nearest 
exposure  of  that  formation  on  the  west,  north,  and  east,  it  is  found  so 
different  in  materials  and  structure  as  to  demand  separation  on  litholog^c 
grounds ;  moreover,  the  deposit  is  confined  to  a  depression,  or  amphi- 
theater, which  did  not  exist  at  the  time  of  Lafayette  deposition,  but  was 
produced  during  the  period  of  rapid  degradation  accompan)dng  the  post- 
Lafayette  uplift ;  so  that  it  must  be  discriminated  from  the  Lafayette  on 
the  basis  of  homogeny  as  well  as  on  that  of  lithology.  The  interpreta- 
tion of  the  deposit  is  simple ;  it  is  evidently  a  record  of  an  oscillation 
during  the  post-Lafayette  and  pre-Columbia  time,  which  was  not  of  such 
amplitude  and  length  as  to  inscribe  itself  deeply  in  the  local  series  of 
formations  and  land  forms.  On  seeking  to  correlate  the  deposit  with 
other  elements  in  the  coastal  plain  series,  difficulty  is  encountered  ;  no 
corresponding  deposits  are  known  either  southward  or  eastward  in  Vir- 
ginia and  Maryland ;  the  nearest  known  deposits  of  corresponding  char- 
acter and  position  are  a  part  of  those  found  in  southern  New  Jersey  and 
first  grouped  by  Salisbury  under  the  designation  Pensauken,  but  after- 
ward divided. 
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In  Dr.  John  M.  Ci«arkb*s  paper  on  the  ''Lenticular  Deposits  of  the 
Oriskany  Formation  in  New  iV?r>fe,**  this  fonnation  was  described  as 
attaining  in  eastern  New  York  its  greatest  thickness  south  of  Albany 
county,  where  it  is  highly  calcareous  and  carries  its  normal  fauna.  In  its 
extension  through  central  and  western  New  York  its  deposits  are  wholly 
arenaceous  and  silicious,  and  they  alternately  thin  and  thicken,  thus 
forming  a  series  of  lenticular  deposits  which  are  connected  by  thin  sheets 
or  wholly  severed  by  the  actual  disappearance  of  the  formation  from  the 
rock  series.  Beginning  in  Albany  county  the  formation  has  a  thickness 
of  but  one  or  two  feet,  thence  westward  of  Schoharie  county  it  slightly 
thickens  and  again  thins  and  actually  disappears  in  southern  Herkimer 
county.  Still  farther  westward,  at  Oriskany  Falls,  the  t3rpical  section,  it 
attains  a  thickness  of  some  20  feet.  At  Manlius,  Onondaga  county, 
it  has  decreased  to  about  i  foot,  and  at  Jamesville,  five  miles  west,  in- 
creases to  3  feet,  6  inches.  Four  miles  west  of  here,  at  Brighton,  its 
thickness  is  i  foot,  6  inches,  whence  westward  at  Elmwood,  one  mile 
and  a  half  away,  it  thins  to  6  inches.  Again  the  formation  disappears 
from  the  rock  series,  the  eastern  thinning  edge  of  the  next  lens  appear- 
ing first  at  Split  Rock,  near  Syracuse,  thickening  to  Marcellus  Falls,  5 
miles  away,  and  at  Skaneateles  Falls,  6  miles  further  west,  attaining  a 
thickness  of  18  feet ;  thence  suddenly  dropping  to  a  thickness  of 
10  inches  at  Auburn,  6  miles  still  further  west.  This  lenticular  mass, 
designated  the  Skaneateles  lens,  api)ears  to  be  the  largest  of  these  len- 
ticular  deposits  west  of  Albany.  From  this  point  westward  but  two  in- 
considerable lenses  are  observable,  the  deposit^  beinga  thin  sheet,  seldom 
more  than  a  few  inches  in  thickness. 

This  evidence  is  regarded  as  indicative  of  an  actual  shoreline  during 
Oriskany  time.  No  Helderbergian  deposits  occur  in  this  western  section 
of  the  State.  The  transgression  of  the  Oriskany  here  is  in  conformity 
with  similar  evidence,  in  other  regions,  of  its  wide  extent  beyond  the 
limits  of  the  preceding  Helderbergian  formation. 


A  second  paper  by  Dr.  J.  M.  Ci^arke,  on  "  The  Fauna  of  the  Arena- 
ceous  Lower  Devonian  of  Aroostook  County^  Maine^^^  brought  out  the 
fact  that  a  careful  restudy  of  this  fauna  indicates  that  its  proposed  de- 
termination as  a  Silurian  fauna  correlated  with  the  Tilestones  of  Murchi- 
son's  Silurian  section  is  not  justified  by  the  character  and  affiliation  of 
its  species.  With  such  New  York  Oriskany  species  as  Anoplia  nudeata, 
Cyrtina  varia,  etc.,  it  contains  a  number  of  species  identical  with  those 
of  Lower  Devonian  faunas  of  Western  Europe.  The  faunas  of  the  two 
localities  of  the  Chapman  Plantation,  of  Edmund's  Hill,  and  Presque 
Isle  Creek  have  very  little  in  common,  but  show  a  close  alliance  with 
the  arenaceous  Lower  Devonian  faunas. 
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A  paper  on  **  The  Great  Chisos  Rift  along  the  Canyons  of  the  Rio 
Grande y'^  by  Prof.  R.  T.  H11.1,,  embodying  the  results  of  a  trip  by  him 
through  the  lower  portion  of  this  canyon  late  in  1899,  was  one  of  unusual 
interest,  as  the  region  described  was  entirely  new  to  the  scientific  world 
and  proved  to  be  varied  and  beautiful  in  scenery,  and  rich  in  geologic 
and  topographic  problems.  The  paper  was  illustrated  by  a  considerable 
number  of  lantern  slides  prepared  from  photographs  taken  by  Prof.  Hill 
during  his  journey. 


In  a  short  paper,  "  Notes  on  the  Geology  of  Central  South  Carolina y' 
Dr.  D.  S.  Martin  described  the  work  about  Columbia  now  being  carried 
on  by  himself  and  Dr.  L.  C.  Glenn,  and  the  success  of  the  latter  in  dis- 
covering eocene  and  cretaceous  beds  separating  the  "Potomac"  and 
/'Lafayette"  deposits,  which,  in  many  of  the  new  railway  cuts 'about 
Columbia,  are  lithologically  indistinguishable. 


Prof.  A.  A.  JuuEN  read  a  paper  on  '*  The  Genesis  of  the  Pegmatite  in 
North  Carolina,^*  in  which  he  reviewed  the  several  hypotheses  based  oh 
the  principal  either  of  intrusion,  vein  infiltration,  or  segregation  (segre- 
gation from  below  or  from  above  or  lateral  segregation ) .  Many  known 
facts  and  many  observations  made  by  the  author  in  North  Carolina  and 
elsewhere  were  cited  as  favoring  the  correctness  of  the  last  named  form 
of  the  segregation  hypothesis,  as  more  nearly  than  any  other  explaining 
the  conditions  existing  in  this  region. 


**  The  Geological  Features  of  the  Menominee  Iron  District  of  Michi- 
gan "  were  described  in  a  short  paper  by  W.  S.  Bayi^ey  as  occupying  an 
area  of  about  120  square  miles  on  the  north  side  of  the  Menominee  river 
from  Waucedah  westward  to  a  short  distance  beyond  Iron  Mountain. 
The  ore-producing  rock  constitutes  a  trough  between  rims  of  basic  vol- 
canic rock  on  the  south  and  granites  and  gneisses  on  the  north.  These 
are  regarded  as  archean  in  age.  Between  these  ruins  lie  two  series  of 
huronian  sediments  separated  by  an  unconformity.  The  lower  huronian 
sediments  comprise,  in  ascending  order,  quartzites,  dolomites  and  jasper. 
The  upper  huronian  beds  are  a  jasper  and  ore  formation,  black  slates,  a 
second  ore  formation  and  gray  slates.  Over  these  unconformably  lie 
horizontal  beds  of  Lake  Superior  sandstone. 

The  ore  formations  consist  of  alternating  beds  of  jasper,  hematite  and 
quartzites.  The  principal  producing  horizons  are  in  the  upper  huronian. 
The  lower  ore-bearing  beds  are  mainly  fragmental,  and  the  upper  ore- 
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bearing  beds  are  mainly  altered  crystalline  sediments.  The  ore  of  the 
latter  has  come  from  iron  carbonates  which  have  been  decomposed  as  in 
the  marquette  district,  yielding  cherts  and  hematite. 

All  of  the  huronian  rocks  are  strongly  compressed  and  closely  folded. 
The  ores  occur  in  pitching  syuclines  with  impervious  bottoms.  Geologi- 
cally the  Menominee  district  bears  a  striking  resemblance  to  the  Mar- 
quette district.  The  lower  huronian  ore  measures,  however,  which  are 
large  producers  in  the  latter  district  are  scarcely  known  in  the  Menominee 
district.  In  this  district  the  principal  producing  mines  are  in  the  lower 
ore  formation  of  the  upper  huronian. 


In  a  paper  on  •'  The  Still  Rivers  of  Western  Connecticut ^^^  Prof.  Wm. 
H.  HOBBS  described  the  general  course  of  the  streams  of  this  region  as 
being  to  the  south-southeast,  down  the  slope  of  the  cretaceous  plain  of 
erosion.  Exceptionally,  however,  large  tributarj'^  streams  are  found  flow- 
ing in  nearly  the  opposite  direction.  Two  notable  instances  of  this  sort 
have  been  studied,  each  bearing  the  name  *' Still  River,'*  and  attention 
is  thus  directed  to  their  exceptionally  sluggish  currents,  due  to  the  barely 
perceptible  slope  of  their  present  beds.  One  of  these  streams  rises  near 
Torrington,  flows  north-northeasterly  past  Winsted,  and  after  a  course  of 
about  twelve  miles  enters  a  branch  of  the  Farmington  at  Robertsville. 
The  other  river  of  the  same  name,  some  twenty-five  miles  distant  to  the 
southwest,  is  a  tributary  of  the  Housatonic,  having  its  source  in  a  barrier 
of  drift  hills  south  of  Bethel,  flowing  north-northeasterly  past  Danbury 
and  Brookfield  to  enter  its  trunk  stream  just  where  the  latter  deposits 
form  the  limestone  valley  to  cut  its  way  through  gneiss. 

In  each  case  the  course  of  the  Still  river  has  been  determined  by  a  belt 
of  limestone  within  harder  walls  of  gneiss  and  schist.  The  Still  river 
tributary'  to  the  Farmington  is,  furthermore,  an  instance  of  reversal  of 
drainage  brought  about  by  obstructions  by  glacial  material. 


In  a  paper  on  ^*^  Drift  Erosion,  Transportation  and  Deposition ^^^  by 
Mr.  Warren  Upham,  the  work  of  the  North  American  ice-sheet  is  re- 
viewed as  tlireefold.  Its  erosion  of  the  bed  rocks  on  the  greater  part  of 
the  glaciated  area  is  shown  to  have  supplied  far  more  drift  than  its  other 
portion,  which  was  preglacial  residuary*  clay  and  river  sand  and  gravel. 
Only  near  the  borders  of  the  ice-sheet,  or  to  a  distance  of  two  or  three 
hundreil  miles  from  it  in  the  interior  of  this  continent,  the  successive 
stages  of  fluctuating  glaciation  addeii  each  its  drift  deposits  without  gen- 
eral erosion  of  the  underlying  rocks  or  the  earlier  formed  drift.  The 
transportation  of  the  drift  appears  to  have  been  chiefly  within  the  lower 
part  of  the  ice-sheet,  reaching  in  considerable  amount  at  least  looo  fciet 
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above  the  land  surface  on  the  mainly  plain-like  region  of  Minnesota  and 
Manitoba.  Its  deposition  for  the  greater  part  was  directly  from  the  ice, 
yielding  the  till  and  a  large  proportion  of  the  mass  of  the  moraines. 
Another  large  class  of  the  drift  formations  shows  modification  by  the 
waters  of  the  melting  ice  surface  and  of  rains  and  is  therefore  called  mod- 
ified drift.  These  several  phases  of  action  and  resulting  deposits  of  the 
ice-sheet,  are  discussed  in  the  paper  with  illustrations  from  field  ob- 
servations and  from  comparison  with  now  existing  glaciers  and  ice- 
sheets. 


Prof.  W.  C.  Hai^i*,  in  a  paper  on  *'  The  Chengwatona  Series  of  the 
Keweenawan^^*  describes  this  interesting  series  of  volcanic  rocks, 
first  identified  by  Chamberlin  as  belonging  to  the  Lake  Superior 
copper-bearing  formation.  These  rocks  are  exposed  along  the  Snake 
river  almost  continuously  for  2  miles,  with  edges  3  to  20  feet  above  the 
stream.  The  succession  consists  of  basic  eruptions  (lava  fiows  of  typical 
structure )  with  intercalated  conglomerates.  The  bottom  of  each  flow  is  of 
very  fine  texture  and  in  places  apparently  devitrified  ;  the  middle  portion 
is  of  coarser  yet  very  uniform  texture,  while  the  top  is  strongly  amygda- 
loidal  with  frequent  tufaceous  phases.  The  recognition  of  the  different 
phases  of  each  flow  and  the  transition  from  one  flow  to  another  can  be 
distinctly  seen,  as  the  division  planes  are  sharply  drawn.  In  two  or  three 
instances  the  overlying  tuff  is  thicker  than  the  compact  portion  of  the 
flow.  The  diabase  is  for  the  most  part  of  the  characteristic  ophitic  type, 
exposed  surfaces  first  mottling  and  then  becoming  pitted  through  unequal 
decomposition.  The  amygdaloid  carries  the  minerals  characteristic  of  the 
Lake  Superior  basic  eruptives  with  laumonite  or  some  related  mineral  the 
predominant  one.  Lying  interbedded  with  these  diabase  flows  is  a  series 
of  conglomerate  beds  ;  five  were  counted.  They  vary  in  thickness  from  5 
feet  to  104  feet  and  represent  a  total  of  more  than  200  feet.  Pebbles  of 
gabbro,  diabase,  diabase  porphyry,  augite  syenite  and  granitic  conglome- 
rate are  recognized,  thus  suggesting  an  age  even  later  than  that  of  the 
augite  syenite  around  Duluth — in  other  words  high  up  in  the  Keweenawan 
formation.  The  number  of  successive  lava  flows  in  the  Chengwatona 
series  is  its  most  remarkable  feature  ;  not  less  than  45  were  counted  and 
neither  the  top  nor  bottom  flow  was  seen.  The  total  thickness  cannot  be 
less  than  10,000  feet  actually  in  sight.  The  altitude  of  the  entire  series 
is  uniform  and  there  is  no  sign  throughout  of  suflficient  displacement  to 
duplicate  a  single  flow.  Besides  the  conglomerate  beds  are  so.  unlike  in 
thickness  that  they  cannot  by  error  well  be  duplicated  in  the  above  esti- 
mate. 


In  a  paper  on  "  ^  Simple  Modeling  Machine,''  Dr.  E.  B.  Mathews 
described  a  simple  machine,  designed  by  himself,  of  which  many  geolo- 
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gists  and  geographers  have  long  felt  a  need.  It  is  a  mechanical  device 
for  representing  with  considerable  accuracy  the  territory  included  within 
a  topographic  atlas  sheet.  Two  features  are  regarded  of  special  impor- 
tance :  in  such  a  machine,  there  must  be  rigidity  in  the  horizontal  plane 
in  order  to  avoid  distortion  and  even  greater  rigidity  in  the  vertical  plane 
to  eliminate  vertical  exaggeration.  It  was  found  possible  to  obtain  the 
first  by  the  use  of  a  rigid  pantograph  in  which  the  arms  were  about  an 
inch  and  a  half  broad  and  three-eighths  of  an  inch  thick.  The  vertical 
accuracy  is  obtained  by  a  stylus  passing  through  the  end  of  one  arm  of  the 
pantograph  and  held  at  the  desired  height  by  two  set  screws,  the  whole 
resting  on  a  free -moving  support,  and  this  in  turn  resting  on  two  wooden 
knife  edges.  The  pantograph  is  fixed  to  the  top  of  a  table  from  which  a 
portion  of  the  top  has  been  removed.  Below  this  opening  is  a  depressed 
shelf  on  which  is  placed  a  tin  box  containing  the  plastic  clay,  which  is  of 
a  thickness  corresponding  to  the  uniform  base  and  the  highest  point  to 
be  represented.  Beginning  at  the  topmost  contour  the  stylus  traces  the 
limits  of  that  elevation.  Outside  of  the  line  traced,  the  clay  may  be  re- 
moved to  the  first  bench.  In  the  same  way  all  the  contours  may  be  fol- 
lowed by  one  arm  of  the  pantograph  and  traced  in  clay  by  the  other. 
The  result  is  a  rough  representation  of  the  shape  of  the  county,  in  which 
the  surface  is  composed  of  a  series  of  steps.  These  may  be  removed  by  a 
modeling  wire  and  the  whole  given  artistic  life  without  changing  the 
relative  elevation  of  the  different  parts.  It  has  been  found  possible  to 
prepare  the  first  relief  model  of  a  quadrangle  in  a  day  *s  time.  From  this 
it  is  possible  to  make  the  usual  plaster  matrices  and  thence  the  plaster  re- 
lief according  to  the  usual  methods.  The  advantage  of  the  machine  lies 
in  the  speed  by  which  the  models  may  be  produced  and  the  elimination 
of  the  personal  equation  in  the  drawing  of  the  heights. 


In  a  short  but  interesting  paper  on  *'  Certain  Late  Pteistocence  Loams 
in  Xe-u'Jerstry  attd  Adjacent  State5'\l^To{.  R.  D.  Salisbury  presented 
the  results  of  his  numerous  observations  concerning  the  origin  of  certain 
recent  loams  found  widely  distributeii  in  that  region.  These  had  been 
examined  in  hundreils  of  localities  and  found  to  be  generally  more  or  less 
local  in  character.  Sections  were  exhibited  showing  the  mode  of  occm'- 
rence  near  Jamesburg.  I*rinceton,  Trenton.  Philadelphia,  etc.  The  con- 
clusions arriveil  at  from  these  varied  examinations  ^*ere  that  these  loams 
are  of  marine  origin  and  represent  deposits  made  during  a  short  period  of 
submergence,  which  submergence  extended  to  a  depth  of  not  less  than 
200  feet.  This  work  of  Prof.  Salisburv-  is  the  more  interesting  as  it  has 
an  imiK>rtant  l>caring  on  the  results  of  the  study  of  somewhat  similar  sur- 
face loams  and  sands  further  south  by  Hilgard,  McGee,  Smith,  and 
Holmes. 


PAPERS   READ.  1 93 

In  the  paper  on  •*  The  Principles  of  Paleontologic  Correlation,^^  by 
Prof.  James  Perrin  Smith,  paleontologic  correlation  was  described  as 
being  of  two  kinds  :  ( i )  Direct,  where  the  faunal  regions  were  closely 
connected  and  intermigration  of  species  was  easy.  An  example  of  this  is 
the  correlation  of  the  cretaceous  of  the  Atlantic  and  Gulf  regions  with  that 
of  Europe  ;  (2)  Indirect,  where  the  faunal  regions  were  separated  by  land 
barriers  ;  an  example  of  this  is  the  correlation  of  the  cretaceous  of  the 
west  coast  with  that  of  the  interior  and  Atlantic  regions.  These  were 
separated  by  impassable  barriers,  but  the  Atlantic  cretaceous  was  con- 
nected with  the  European,  the  European  with  the  Indian,  and  the  Indian 
closely  related  to  that  of  the  west  coast. 

Oppel  attempted  to  divide  stratigraphic  formations  into  faunal"  zones," 
of  which  he  made  30  in  the  Jura  alone,  most  of  which  cannot  be  recog- 
nized in  outside  regions.  Buckman  divided  the  Jura  into  hemerae,  of 
which  he  found  26  in  the  Lias  alone.  These,  too,  cannot  be  recognized 
away  from  the  province  where  they  were  founded.  But  occasionally  the 
faunal  of  a  certain  horizon  can  be  identified  in  very  remote  regions,  this 
extension  corresponding  to  periods  of  unrest,  of  oscillations  of  the  land 
and  opening  up  of  connections  between  regions  that  before  were  separa- 
ted. The  writer  proposes  to  confine  the  terra  zone  to  such  widely  dis- 
tributed faunas,  which  thus  become  important  criteria  in  interregional 
correlation.  Such  zones  are  that  of  Manticoceras  iniertnerceras  in  the 
upper  Devonian  ;  of  Agamides  rotatorius  in  the  Kinderhook  ;  of  Gas- 
trioceras  lisieri  in  the  middle  coal  measures,  etc. 

The  principles  governing  the  migration  of  marine  invertebrates  were 
discussed,  and  the  reality  of  '*  colonies"  aflfirmed.  Homotaxis,  as  defined 
by  Huxley,  was  discussed,  and  it  was  shown  that  even  now  similar  faunas 
are  living  synchronously  in  widely  separated  regions,  and  that  the  same 
could  have  happened,  and  probably  did,  in  past  time.  Therefore  correla- 
tion is  often  real,  and  not  merely  homotaxial.  The  strata  coming  be- 
tween the  interregional  zones  are  in  a  sense  only  homotaxial,  but  the 
zonal  faunas  themselves  often  represent  synchronous  appearances  of  im- 
migrants in  two  or  more  regions  from  a  third  unknown  point  of  origin. 
The  substantial  agreement  of  the  stratigraphic  column  in  all  the  conti- 
nents is  the  best  possible  proof  of  the  reality  of  correlation,  for  the  dis- 
crepancies that  occur  in  the  periods  of  endemic  development  are  all  cor- 
rected in  the  periods  of  readjustment,  and  nature's  periodic  trial  balances 
bring  into  harmony  the  record  in  the  interregional  time  scale. 


The  following  additional  papers  were  presented  before  the  Section,  all 
except  the  first  two  being  under  the  auspices  of  the  Geological  Society  : 

I.  C.  H.  Hitchcock.     The  Ice  Age  in  New  Zealand  \  with  lantern 
slides. 
13 
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2.  Henry  M.  Ami.  On  a  New  or  Hitherto  Unrecognized  Horizon  in 
the  Lower  Portion  of  the  Devonian  System  in  Eastern  Canada. 

3.  Erasmus  Haworth.  Native  Copper  from  Garfield  Co.,  Oklahoma. 

4.  Frank  R.  Van  Horn.  Petrographic  Studies  on  the  Andesitic 
Pocks  of  Silverton,  Colorado,  with  analyses  by  W.  G.  Haldane  and  E. 
IV.Gebhardt. 

5.  RuDOivF  RuHDEMANN  (Introduced  by  J.  M.  Clarke).  The  Hudson 
Piver  Beds  of  the  Vicinity  of  Albany,  and  Their  Taxonomic  Equiva- 
lents. 

6.  John  M.  Ci^arke.  The  Fauna  of  the  ArencLceous  Lower  Devonic 
of  Aroostook  County,  Maine. 

7.  Warren  Upham.     Giants^  Kettles  Eroded  by  Moulin  Torrents. 

8.  Warren  Upham.  Pleistocene  Ice  and  River  Erosion  in  the  St. 
Croix  Valley  of  Minnesota  and  Wisconsin. 

9.  Chari.es  H.  Hitchcock.  Evidences  of  Interglacial  Deposits  in 
the  Connecticut  Valley. 

10.  Chari^es  H.  Hitchcock.     Volcanic  Phenomena  in  Hawaii. 

11.  W.  H.  Hobbs.  a  Theory  of  the  Origin  of  Systems  of  Nearly  Ver- 
tical Faults,  with  Application  to  the  Newark  Basin  of  the  POmperaug 
River. 


EXCURSIONS. 

The  following  excursions  were  arranged  for  and  participated  in  by  the 
members  of  Section  E  and  of  the  Geological  Society  : 

Tuesday  Afternoon. — Under  the  leadership  of  Prof.  Kemp,  the  crys- 
talline rocks  in  that  portion  of  New  York  City  east  and  north  of  the 
Columbia  University  Buildings  were  visited  and  carefully  examined.  The 
interbedded  arrangement  of  the  limestone  and  gneisses  indicated  clearly 
the  sedimentary  origin  of  these  materials. 

Wednesday  Afternoon. — Under  the  leadership  of  Prof.  Kemp,  the 
grounds  in  the  Botanical  and  Zoological  Gardens  were  visited  and  careful 
attention  on  the  part  of  the  members  was  given  both  to  the  character  of 
the  crystalline  rocks  and  to  the  later  surface  phenomena,  including  pot- 
holes, the  glacial  deposits,  and  the  new  and  old  Croton  river  channels. 

Thursday  Afternoon. — Under  the  leadership  of  Prof.  A.  A.  Jnlien,  a 
visit  was  made  to  the  Palisades  along  the  west  bank  of  the  Hudson,  for 
the  purpose  of  studying  the  geologic  and  topographic  relations  there  and 
for  the  further  purpose  of  seeing  the  extent  to  which  the  Palisades  were 
being  injured  by  the  extensive  quarrjring  in  operation  for  the  purpose 
of  securing  road  metal.  J.  A.  HOLMES, 
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.PAPERS. 
[titles  and  abstracts.] 

A  History  of  the  De.velopment  of  the  Quantitative  Study  of 
Variation.^    By  C.  B.  Davenport,  Chicago  University. 

The  quantitative  study  of  variation  has  for  its  object  the  investigation 
of  evolution  by  exact,  quantitative  methods.  The  study  demands  a 
mathematical  method  as  well  as  a  biological  subject-matter  ;  consequently 
the  development  of  the  science  has  proceeded  along  two  main  lines — the 
one  biological  and  the  other  mathematical.  Accordingly,  the  history  of 
the  development  of  the  quantitative  method  involves  a  consideration  of 
both  the  study  of  variation  and  the  elaboration  of  the  necessary  method. 

The  fact  of  variation  has  been  recognized  since  man  began  to  think  and 
to  appreciate  that  in  stature^  color,  and  mental  capacity  his  fellow-men 
are  diverse.  The  way  for  quantitative  studies  in  biology  was  paved  by 
the  mathematical  studies  on  the  variation  of  measurements  which  engi- 
neers and  astronomers  found  it  necessary  to  make  for  their  own  purposes. 
These  mathematical  studies  led  to  the  discovery  and  elaboration  of  the 
law  of  error  by  Gauss  and  others — and  this  law  is  the  comer-stone  of  the 
quantitative  biological  studies. 

The  application  of  the  law  of  error  to  organic  variation  was,  apparently, 
first  made  by  an  anthropological  statistician  of  the  early  part  of  the  cen- 
tury, named  Quetelet.  In  his  book,  entitled  "Lettres  a  Son  Altesse 
Royale  le  Due  de  Saxe-Coburg  et  Gotha  sur  la  th^orie  des  probabilit^s 
appliques  aux  sciences  morales  et  politiques,"  published  in  Bruxelles, 
1846,  and  translated  into  English  by  O.  G.  Downes,  1849,  Quetelet  ap- 
plied the  mean  and  probable  error  to  the  designation  of  the  peculiarities 
of  different  races  of  men  ;  and  he  even  compared  an  observed  distribution 
of  frequencies  of  human  statures  with  a  theoretical  one  calculated  from 
the  mean  and  the  probable  error  by  the  use  of  the  formula, 
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The  possibilities  of  an  extension  of  this  method  of  quantitative  analysis 
to  biological  variation  in  general  were,  however,  during  twenty  years  un- 
recognized, for  the  time  was  not  yet  ripe. 
Meanwhile,  on  the  biological  side  the  clouds  of  a  revolution  were  rising. 
1  Being  part  of  the  report  of  the  Committee  of  the  A.  A.  A.  S.  on  the  Quantitative 
Study  of  Variation. 
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Dumg  Xht  fifties  the  rariatioc  of  ariizials  zn  nature  vms  zzzsch  discuased. 
In  1856  Wollastoa  «T>Xe  a  V»k  "  Os  the  Variatioc  of  Species,'*  and  at  a 
meeting  of  the  British  Association,  in  the  same  jear.  Jenvns  called  for  ex- 
act data  on  the  variation  of  or^i^anisms.  Then  rarnr  the  "Origin  of 
Sfiecies/'  1858,  1859.  ^hich  used  the  facts  of  variadon  to  enforce  the  oon- 
doMon  fA  Xht  mntabilitj  of  species.  At  that  time  the  study  of  the  wria- 
tion  tA  §ifftcuA  received  a  great  impetus  .  bat  for  fortj  jears  the  observa- 
tions have  been  for  the  most  part  qualitative  or  onlv  ixxxghly  qnantita- 
tive.  Among  the  most  important  synoptic  vorks  on  variation  have  been 
Darwin's  "  Variation  of  Animals  and  Plants  under  Domesticatioa/*  1868, 
and  Bateson's  *'  3Iaterials  for  the  Study  of  Variation."  i3^. 

To  the  rule,  that  until  a  decade  ago  work  in  variation  was  qualita- 
tive, the  anthropological  studies  have  formed  a  striking  exception.  An- 
thropologists have  been  forced  to  measure  by  the  necessity  of  making  fine 
discriminations  and  have  sought  by  statistical  methods  to  get  the  most  oat 
of  the  resulting  data.  The  first  to  advance  beyond  Qnetelet  was  Francis 
f>alton,  cousin  of  Darwin,  and  already  well  known  on  account  of  his 
studies  on  heredity.  In  1870.  in  his  book  on  **  Hereditary  Genius,'*  he 
used  Quetelet*s  method  of  appUnng  the  law  of  error  to  organisms.  He 
oied  it  especially  to  get  a  quantitative  definition  of  his  grades  of  ability, 
A  to  G.  In  1879,  Galton  made  a  further  and  important  step.  He  pointed 
out  that  *'  an  assumption  which  lies  at  the  basis  of  the  well-known  law  of 
*  Frequency  of  Error*  ( commonly  expressed  by  the  formula, _y= it  r—*^^) 
is  incr/rrect  in  many  groups  of  rital  and  social  phenomena."  The  as- 
sumption which  Galton  coml>ats  is  '*  that  errors  in  excess  or  in  deficiency 
of  the  truth  are  equally  probable  or  conversely,  that  if  two  fallible  measure- 
ments have  \jten  made  of  the  same  object  their  mathematical  mean  is 
m^/re  likely  to  be  the  true  measurement  than  any  other  quantity  that  can 
fie  named.'*  Galton  goes  on  to  show  that  this  assumption  cannot  be  jns- 
tifiefl  in  vital  phenomena ;  for  example,  in  guesses  at  a  color  containing 8 
{larts  of  white,  we  are  equally  apt  to  err  by  selecting  one  with  16  parts  and 
one  with  4  parts,  yet  the  error  in  one  case  is  twice  the  error  in  the  second 
case.  Conversely,  in  two  guesses  at  a  mid  tint,  the  most  reasonable  con* 
(tliiHion  is  not  the  arithmetic  mean  of  the  two  but  the  geometric  mean. 

If  the  gucft.sc-H  are  4  and  16,  the  most  probable  value  is  not =  10 but 

/4  /  16  8  ;  for  4  : 8  :  :  8  :  16.  Galton  then  extends  this  case  to  biolog- 
ical ineaHurcH  in  general  and  calls  for  a  law  of  error  based  on  the  gco- 
nictric  ttican.  At  his  suggestion  Mr.  Donald  McAllister  worked  out  a 
more  general  fonn  of  the  probability  curve,  applicable  to  a  distribution 
of  fn-<|ueii<rieH    based   on   geometric  error,    and    obtained    the  result, 

y  ^  ^— A*  log.2  jr. 

V     ^ 
At  HlK)ut  this  time  also,  the  anthropologist  Stieda  called  attention  in 
('fcrniany  to  the  ajiplication  of  the  probability  methods  to  anthropological 
statiHticM.     His  pajK-T  published  in  the  Archiv  fur  Anthropologies  Band 
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xiv,  entitled  "Ueber  die  Anwendung  der  Wahrscheinlichkeitsrechnung  in 
der  anthropologischen  Statistik,*'  1883,  has  had  great  influence  in  extend- 
ing the  use  of  the  method.  In  this  work  the  measure  of  variability  is  the 
probable  error,  here  called  the  "Oscillationsindex." 

During  the  eighties,  Galton,  in  a  remarkable  series  of  papers,  developed 
the  quantitative  theory  of  individual  variation.  In  1885  he  introduced  a 
graphic  method  of  determining  the  probable  error,  using  his  *' ogive"  or 
normal  curve  of  distribution  of  error.  In  connection  with  his  studies  on 
pedigree  peas  he  developed  the  theory  of  the  mid-parent,  the  law  of  re- 
gression of  the  progeny  of  extraordinary  parents  toward  mediocrity,  and 
the  law  of  ancestral  inheritance,  according  to  which  the  mid-parent  con- 
tributes one-half,  the  mid-grand-parent  one-fourth,  the  mid-great-grand- 
parent one-eighth,  and  so  on,  of  the  whole  heritage.  In  1888,  Galton 
made  another  important  step.  He  obtained  a  method — somewhat  rough, 
to  be  sure,  because  chiefly  graphic — for  measuring  correlation  between 
two  organs.  The  measures  of  one  organ,  called  subject,  were  taken,  the 
mean  found  and  the  measures  grouped  into  classes  expressed  in  terms  of 
the  deviation  from  the  mean  divided  by  the  probable  error  of  the  subject. 
The  average  of  the  corresponding  measures  of  the  other  organ,  called  rela- 
tive, was  found  and  the  deviation  of  the  average  from  the  mean  size  of 
the  organ  was  expressed  in  units  of  the  probable  error  of  the  relative. 
The  average  (found graphically)  of  the  ratios  of  the  deviation  of  the  rela- 
tive divided  by  the  deviation  of  the  corresponding  subject  class  gives  the 
correlation-index  sought. 

The  culmination  of  this  epoch-making  work  of  Galton  was  his  ' '  Nat- 
ural Inheritance,'*  1889,  which  applied  the  quantitative  methods  he  had 
elaborated  to  the  data  of  human  inheritance  which  he  had  himself  gath- 
ered. The  book  is  important,  not  so  much  for  its  new  material,  for  much 
of  the  matter  had  appeared  elsewhere,  but  because  it  called  attention  to 
the  possibilities  of  the  quantitative  method  applied  to  biology  generally. 
But  probably  of  even  greater  effect  were  Galton 's  personal  suggestions 
to  biologists  such  as  Weldon  and  to  mathematicians,  such  as  Pearson.  At 
any  rate,  the  beginning  of  the  new  decade  saw  the  beginning  of  a  wider 
interest  in  the  quantitative  study  of  variation  ;  and  the  source  of  this 
wider  interest  can  be  traced  directly  to  one  man — Francis  Galton. 

While  the  impetus  to  the  modern  quantitative  variation  studies  came 
from  Galton,  quantitative  studies,  in  zoology  at  least,  were  not  unknown 
before  1890.  In  our  own  country,  Baird,  Coues,  and  J.  A.  Allen  had 
measured  numerous  individuals  of  each  of  many  species  of  mammals  and 
birds  and  had  published  tables  of  measurements.  Allen,  in  particular, 
had  grasped  the  importance  of  the  quantitative  study  of  variation,  had 
compared  the  average  dimensions  of  mammals  and  birds  from  different 
parts  of  the  country  and  had  established*  a  law  of  relation  between  the 
size  of  individuals  and  their  distribution  which  has  proved  very  fertile. 

1  J.  A.  Allen  :  "On  the  Mammals  and  Winter  Birds  of  East  Florida,"  etc.  Bull. 
Museum  Comparative  Zoology  at  Harvard  College,  187 1,  and  *'  Geographical  Variation 
Among  North  American  Mammals,"  Bull.  U.  S.  Geol.  and  Geog.  Survey,  Vol.  II,  1876. 
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As  long  ago  as  1829,  H.  Milne- Edwards^  gave  a  table  of  variations  in 
size  of  various  parts  of  the  body  of  fourteen  individuals  of  Lacerta 
muralis.  Students  of  molluscs  have  also  been  led  in  a  few  instances  to 
quantitative  studies.  One  of  the  most  important  of  these  was  that  of 
Bateson  who  showed  by  a  series  of  measurements  the  gradual  change  in 
form  of  the  cardiums  on  the  terraces  of  an  inland  sea  which  is  gradually 
becoming  denser. 

From  1890  on,  the  published  works  in  the  field  we  are  considering 
became  more  numerous  and  appeared  simultaneously  in  several  countries 
and  stimulated  from  various  sources.  It  was  early  in  this  decade,  too,  that 
the  remarkable  series,  by  Pearson  and  his  pupils,  of  mathematical  contri- 
butions to  the  theory-  of  evolution  began  to  appear.  Since  these  papers 
profoundly  affected  biological  work  it  will  be  well  to  consider  them  first. 
We  may  then  consider  in  turn  the  English  biological  school,  especially 
the  work  of  Weldon  and  his  pupils,  the  continental  biological  work, 
and  finally  that  of  America. 

In  1894  Professor  Karl  Pearson  pmblished  the  first  of  his  epoch- 
making  papers  on  the  mathematics  of  evolution,  entitled  **  On  the  Dissec- 
tion of  Frequency  Cur\'es."  While  the  primary  result  of  these  investiga- 
tions has  as  yet  proved  of  no  great  ser\-ice,  the  methods  elaborated  have 
formed  the  basis  of  all  Pearson's  later  analysis.  These  methods  consisted 
of  the  analytical  investigation  of  the  frequency  cur\'e  by  reduction  to  the 
first  to  fifth  moments  about  an  assumeii  vertical  axis.  The  root  of  the 
mean  square  error  was  employed  as  the  best  measure  of  variability  and 
was  called  the  standard  deviation. 

Pearson's  second  paper:  "Skew  Variation  in  Homogeneous  Material," 
1895,  is  the  basis  of  the  newer  quantitative  methods.  Starting  with  the 
recognition  of  the  fact  that  the  vast  majority  of  biological  frequency 
cur\es  are  not  symmetrical  but  **  skew."  Pearson  undertakes  an  analysis 
of  distribution  cur\es  in  general,  gets  a  general  formula  and  concludes 
that  there  are  five  types  of  curves  altogether.  These  are,  the  normal 
curve — which  is  symmetrical  and  has  an  infinite  range  ;  the  symmetrical 
curve  ^\'ith  limited  range;  and  the  skew  cur\*es  with  range  unlimited  in  both 
directions,  with  range  limited  in  both  directions,  and  ^-ith  range  unlimited 
in  one  direction  and  limited  in  the  other.  The  analysis  of  skew  frequency 
curves  was  not  entirely  new  for  it  had  previously  been  made  by  an  Amer- 
ican, E.  L.  De  Forest,  of  Connecticut ;  but  Pearson's  work,  having  espe- 
cially a  biological  aim,  has  become  generally  adopted  by  biologists.  In 
1897  there  was  published,  posthumously,  an  analysis  of  frequency  curves 
by  Fecbner ;  but  Fechner's  treatment  is  much  clumsier  than  Pearson's. 
Within  a  year  or  so,  a  fresh  analysis  of  skew  curves  has  been  made  by  the 
English  mathematician,  Sheppard,  in  the  proceedings  of  the  London  Math- 
ematical Society.  Edgeworth,  too,  has  contributed  methods  of  anal3rsis  of 
frequency  curves.  All  of  these  will  doubtless  eventually  be  of  service  to 
biologists. 

Pearson's  third  paper,  1896,  was  devoted  to  the  theory  of  correlation 

1  Annales  des  sciences  naturelles  (i),  16,  87. 
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which  he  placed  on  an  analytical  basis.  His  method  of  getting  the  index 
of  correlation  was  a  long  one  which  Duncker  has  greatly  simplified  in  his 
paper  published  a  year  ago. 

Pearson's  fourth  paper,  published  jointly  with  L.  N.  G.  Filon  in  1898, 
dealt  with  the  probable  errors  of  frequency  constants  and  is  of  great  im- 
portance for  measuring  precisely  the  degree  of  unreliability  of  any  result. 
Pearson's  later  papers,  many  of  which  are  published  under  the  uniform 
title  "  Data  for  the  Problem  of  Evolution  in  Man,"  have  elaborated  and 
extended  the  results  of  his  earlier  works. 

The  results  of  the  last  six  years,  then,  have  placed  the  analysis  of  bio- 
logical frequency  curves  at  once  upon  a  satisfactory  scientific  basis.  But 
the  limit  of  improvement  in  the  method  of  analysis  is  by  no  means 
reached. 

Passing  now  to  the  biological  results,  we  consider  first  the  work  done 
in  England,  for  it  was  there,  in  the  home  of  Galton  and  Pearson  that  the 
new  methods  found  their  first  application.  Of  the  papers  of  the  new  era 
the  first  is  that  of  Weldon,  1890,  entitled  "The  Variations  Occurring  in 
Certain  Decapod  Crustacea.  I.  Crangon  Vulgaris."  Proceedings  of  the 
Royal  Society  of  London,  Vol.  47,  pp.  445-453.  This  study  was  under- 
taken to  test  Galton 's  prediction^  that  selection  would  not  alter  the  dis- 
tribution of  frequencies  in  any  race.  Weldon  measured  four  dimensions 
in  several  hundred  individuals,  calculated  the  means  and  probable  errors, 
compared  the  observed  and  theoretical  frequencies  and  concluded  that 
Galton *s  prediction  is  fully  justified.  He  showed  in  addition  that  the 
variation  in  size  of  the  organs  measured  occurs  with  a  frequency  indicated 
by  the  law  of  error  and  that  the  "probable  error"  of  the  same  organ  is 
different  in  different  races  of  the  same  species. 

Next  Weldon  obtained  measurements  of  the  variation  of  the  shrimp 
Palaemonetes  varians  in  Plymouth  which  have  lately  been  made  the  basis 
of  comparison  with  our  American  shrimps  by  Duncker  and  by  Johnson 
and  Hall.  These  comparisons  have  established  that  the  otherwise  very 
similar  English  and  American  shrimps  have  modal  numbers  of  rostral 
spines  which  are  respectively  3  and  7.  In  1892,  Weldon  studied  correla- 
tive variation  in  the  prawn  Crangon  vulgaris  and  drew  the  conclusion  that 
a  wide  knowledge  of  the  specific  constants  would  give  an  altogether  new 
kind  of  knowledge  of  the  physiologic  connection  between  the  various 
organs  of  animals. 

In  1893,  Weldon  published  a  fourth  paper,  on  correlated  variations  in 
Carcinus  mcenas,  in  which  he  dealt  with  ratios  of  various  dimensions  of 
the  body  to  the  carapace  length.  It  was  in  these  studies  that  Weldon  came 
across  a  distribution  of  frequencies  which  did  not  conform  with  the  theo- 
retical distribution  and  which  Pearson  subsequently  resolved  into  two 
symmetrical  curves.  Weldon  found  the  coefficient  correlations  between 
similar  organs  in  different  races  to  be  closely  alike. 

While  Weldon  was  making  these  studies,  Bateson  and  Brindley  pub- 
lished ^  1892 )  their  quantitative  studies  on  the  length  of  the  forceps  of  male 

1  Nat.  Inter.,  p.  1 19-124. 
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earwigs,  on  the  length  of  the  cephalic  boms  of  a  rluiiooezos  beede  amd  oa 
the  length  of  the  mandibles  and  the  elytra  of  a  st^  bcctie.  Im  tlie  irst 
two  cases  there  was  a  marked  discontinuity  in  the  vxriatiocs^  Tlias  the 
forceps  had  modes  at  3.5  millimeters  and  7  millimeters,  and  tbe  bants  had 
modes  at  4  and  at  9.5  millimeters.  In  1S95.  Batesoa  gare  statistics  of  tbe 
marvelous  variation  in  color  of  a  chrysomelid  beetle.  b«zt  die  data  bazdlr 
admitted  of  exact  quantitative  analysis. 

In  1895.  Weldon  presented  to  the  Royal  Society  bis  first  r^Mxt  oi  tbe 
committee  for  conducting  statistical  inquiries  into  tbe  meaauiable  dtarac- 
teristics  of  plants  and  animals.  In  this  report  be  gives  tbe  resnlts  of 
studies  on  selective  destruction  of.  the  rock  crab.  Tbe  <'*™**^  oc  tbe 
studies  of  Weldon  and  his  pupil.  Thompson,  on  die  rock  crab  is  bis  pres- 
idental  address  before  the  British  Association  1S9S  in  which  he  showed 
that  the  proportional  size  of  tbe  fionto-lateral  mar^gin  of  the  crab's  cara- 
pace had  at  Plymouth  during  the  preceding  five  years  diminished  fire  per 
cent.  Consequently  he  has  been  able  by  means  of  tbe  qnantitativYmetbod 
to  measure  a  real  evolutiooary  change.  Moreover,  he  has  been  able  to 
put  his  finger  on  the  cause  of  this  change,  for  be  showed  that  tlie  siltii^ 
up  of  the  harbor  of  Plymouth  and  the  coosequect  quantity  of  mod  in  the 
water  tends  to  kill  off  tbe  crabs  with  broad  gill-openings  and  to  let  sor- 
vive  only  ihose  with  narrow  giU-openings  and  a  narrow  gill  -  or  froato- 
lateral  margin.  The  expectation,  then,  that  quantitative  -itudies  wtmld 
quickly  desionssiate  that  evolutioo  is  going  on  rapidly  in  certain  in- 
stances to-day  has  been  lealittd. 

.\notber  of  Weldos's  popus.  Warren,  has  provided  statisdcal  data  on 
variation  in  the  crab  Portunus  and  on  tbe  variatioii  of  ancient,  barbaroos 
races  as  compared  with  sK^iem  civiliKd  ooes.  Mofv  recently  he  has 
measured  qiLaiititativelv  tbe  ejects  on  tbe  little  cms»a<.ean  Daplmia  of 
vaiiocs  external  couditions.  Verxxso.  likewise,  has  given  qoantitatiTe 
data  on  tbe  effects  of  external  conditions  oa  tbe  de\elofnent  of  echinaid 
larvjE^  and  or.  ecbi^oid  hybrids-  Firal^y,  tbe  recent  conformatioa  by 
Galtor:  »>:  bis  liw  of  .Krrcestral  Inbernaace  cesunds  brief  meBlioii. 

The  «»nririer:tJu  scbco'  of  vjrittioa  sc^vVats  indxHSes  chieAy  botaaisls. 
Very  early,  :>^-.  F,  Lodwi^:,  of  Greii,  Sftptn  to  make  quantitative  studies 
or.  the  vAriaiion  ir.  the  uumber  of  ray  Sowers  of  tbe  white  daisy.  These 
studies  be  oc^r.r.rise\i  ai^i  exteT^iied  to  ocber  species  and  haspoblislied  tbe 
resEiIt*  ir»  a  ^-nes^  o«f  pipers  arwarini:  h:  tbe  J^xf^mssdes  CtmtwmMmii 
fn>m  :$Ci5  to  ihe  pn«aer.t  time.  He  nuiifi  tb*i  tbe  variatioii  carres  of 
points  Are  Tr!v^^e  fre\;\?er.t>  muttirrKvial  thar  Jtre  those  of  "»™»*H  Liid- 
wic  "A*  Tv;:K:$hev^  txro  vVurr.prebeTjfive  papers,  ir*  iSoS  and  1900  respect- 
ive'y.  wh:ch  hA%^  ^acrs-ev;  tv-^  cxte^T^v:  akuow'.ec^  of  tbe  new  meUiod.  At 
.\Tnstrr.^*ATr..  v?c  Vrks  bA?  Ap-rs^jev*  srartscic^  to  bis  experisseBlal,  cfaicflj 
,<r/Ar?:«f-  tvAr.:  >ir«\r,r^  He  bA5  rcvv^ooevi  rsew  races  of  certaiB  very  var- 
iaKc  s:><v^os  m'.:>.:r,  :wo  to  fv>ii".r  x-eArs.  Verscba^X  a  student  of  de  Viies, 
did  j^vv'»  5>cr\';v>f  :r.  v-a^Vt;^  A^^^^.:ivV^,  to  tbe  imrKtctanoe  of  Ae  coefficient 
vV  \-AnA:'sNr.     ^^r  tbe  x?:vVx  *y"'  x^arvAXioc:  vt;\>.wv^  by  tbe  am^gc)  for  com- 
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parative  purposes.  Verschaffelt  also  suggested  an  ingenious  measure  of 
skewness,  which  is  very  simple  but  has  been  largely  replaced  by  Pearson's 
index.  Important  work  has  also  been  done  by  L.  Mac  Leod,  of  Ghent, 
Belgium,  and  his  pupils  in  papers  published  in  Dutch  in  the  Botanish 
Jahrboek. 

Among  the  continental  zoologists  Heincke  was  the  first  in  the  field. 
He  has  applied  statistics  especially  to  questions  relating  to  the  existence 
of  local  races  of  fishes,  and  particularly  the  herring.  Georg  Duncker,  a 
student  of  fishes,  has  been  occupied  with  biological  statistics  since  the 
early  part  of  the  decade.  He  has  written  an  excellent  general  treatise  on 
the  subject  (1889)  in  which  the  more  important  methods  of  Pearson  are 
simplified  and  thus  made  more  generally  available.  In  Italy,  Camerano 
has  made  a  beginning  with  the  quantitative  methods. 

In  America  quantitative  studies  of  human  variation  have  been  made  by 
anthropologists  incited  by  the  work  of  Galton.  Prominent  among  these 
are  Bowditch,  Porter,  and  Boaz.  Minot  also  has  made  use  of  Gal- 
ton's  methods.  Within  late  years  Bumpus  (1897-1899)  has  applied  Gal- 
ton's  methods  to  variation  of  Necturus,  and  to  the  problem  of  the  relation 
of  variation  to  environment  and  to  selection.  Eigenmann  and  his  stu- 
dent, Moenkhaus,  have  given  data  on  the  differences  in  the  mode  of  certain 
fish  characters  in  successive  years,  and  in  different  environments.  The 
writer  and  his  pupils,  Blankinship,  Brewster,  Bullard,  and  Field,  have  con- 
tributed certain  quantitative  data  upon  some  of  Darwin's  laws  of  variation 
and  upon  correlation.  The  writer  has  also  published  a  small  book  on  the 
newer  methods  which,  containing  the  principal  formulae  and  tables  for 
calculating  curve  constants,  it  is  hoped  may  be  found  useful  by  students 
of  the  new  methods. 

To  sum  up,  the  quantitative  study  of  biology,  the  modem  impulse  to 
which  we  owe  to  Galton,  has  been  furnished  with  good  methods  by  Pearson. 
Already  the  application  of  these  methods  has  borne  fruit  in  our  knowledge 
of  the  types  of  biological  frequency  curves,  and  their  change  with  chang- 
ing place  and  environment.  The  idea  of  correlation  has  received  a  precise 
definition.  The  results  of  experimentation  have  been  quantitatively  ex- 
pressed. The  r61e  of  natural  selection,  the  method  of  evolution,  and  the 
laws  of  inheritance  are  being  discovered.  Already  we  are  able  to  predict 
greater  results  from  the  quantitative  method  in  biology,  especially  when 
combined  with  experimentation,  than  any  which  have  yet  appeared. 


The  Variation  of  Synapta.    By  C.  L.  Edwards.    Trinity  College. 
(In  the  absence  of  the  author  by  title.) 


Variation  among  Hydromedusae.    By  Charles  W.  Hargitt,  Syra- 
cuse University. 
The  announcement  of  Bateson  in  his  **  Materials  for  the  Study  of  Varia- 
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tion,*'  that  medusae  best  illustrated  the  principle  which  he  designated  as 
*' Discontinuity  of  Meristic  Variation"  led  me  in  connection  with  re- 
searches, which  have  been  under  way  for  several  years,  to  note  more 
especially  any  indications  which  might  either  confirm  or  discredit  this 
statement.  Accordingly  I  have,  from  time  to  time,  made  such  collections 
of  the  Hydromedusae  as  might  afford  a  means  of  testing  the  matter. 
While  as  yet  these  have  not  been  extensive,  except  in  a  few  genera,  they 
seem  to  be  sufficient  to  warrant  a  brief  summary  of  facts  bearing  upon 
the  general  problem  of  variation.  The  collections  made  have  been  chiefly 
of  the  following  genera  ;  Eucope,  Obelia,  Margelis,  Pennaria,  and  Goni- 
onemus. 

The  facts  exhibited  by  Eucope  have  recently  been  published  by  Agassiz 
and  Woodworth,  and  while  I  have  made  observations  upon  these  which 
I  had  collected  in  larger  numbers  than  any  other,  they  are  yet  so  similar 
to  those  made  by  these  observers  I  shall  make  no  particular  reference  to 
them  at  this  time.  Of  the  species  of  Obelia  and  Margelis  I  have  as  yet 
had  no  opportunity  for  extended  study.  Facts  presented  here  will  have 
reference  only  to  the  species  of  Pennaria  and  Gonionemus. 

Of  Pennuria  the  medusae  are  very  small  and  of  a  shape  which  renders 
rather  difficult  an  examination  of  the  radial  canals,  a  feature  which  in  my 
observations,  has  been  among  the  most  variable  of  structural  characters. 
From  the  examination  of  only  about  a  hundred  specimens  I  have  found 
no  marked  variation  of  this  feature  except  in  the  direction  of  atrophy. 
The  medusa  of  Pennaria  seems  to  be  in  a  somewhat  degenerate  condition. 
In  many  specimens  the  marginal  canal  is  wholly  atrophied  and  in  some 
cases  also  the  radials,  to  a  greater  or  less  extent.  I  have  elsewhere^ 
pointed  out  that  in  many  cases  the  medusae  of  this  species  never  become 
free,  but  discharge  the  generative  products  while  remaining  connected 
with  the  polyp.  Another  feature  which  may  prove  to  be  a  variation  is 
the  appearance  of  small,  wart-like,  or  vesicular  protuberances  at  various 
points  of  the  exumbrella.  Agassiz  in  the  North  American  Acalephae 
refers  to  a  similar  feature,  but  explains  it  as  probably  due  to  the  distor- 
tion caused  by  ova  in  the  subumbrellar  cavity.  This,  however,  I  am 
strongly  convinced  is  a  mistaken  view,  for  the  vesicles  remain  after  the 
eggs  have  been  discharged,  and  are  quite  as  prominent  in  preserved  speci- 
mens as  in  those  alive  and  bearing  eggs.  As  to  variations  in  tentacles 
there  seems  to  have  been  little.  These  organs  are  so  rudimentary  that 
detection  of  variations  in  them  would  be  extremely  difficult. 

Upon  the  whole  this  species  seems  to  be  fairly  constant  in  general 
structural  features,  and  only  in  the  deeper  and  microscopic  aspects  are 
signs  of  degenerative  variation  specially  apparent.  The  variations  in 
physiological  habits  to  which  reference  has  been  made  are,  however,  very 
marked,  and  of  quite  as  much  significance  as  are  those  more  conspicuous 
morphological  features  usually  cited.  I  would  offer  this  suggestion  that 
in  those  cases  in  which  the  medusae  perish  early  after  discharging  the 
ova,  and  specially  those  which  do  not  become  free  at  all,  there  may  be 
^  Am.  Nat.,  May,  1900. 
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gome  correlation  between  the  atrophy  of  the  chymiferous  canals  and 
this  short-lived  condition. 

It  is  among  the  species  of  Gonionemus  that  I  have  discovered  the  most 
notable  and  numerous  variations.  Of  these  more  than  five  hundred 
specimens  were  examined  all  of  which  were  taken  at  Woods  Holl  during 
the  summers  of  i897-'99. 

Attention  was  directed  chiefly  to  a  study  of  the  gonads,  radial  canals, 
and  tentacles.  Of  500  specimens  examined  only  fifteen  showed  ab- 
normal or  unusual  genital  features.  In  five  specimens  the  gonads  were 
atrophied  upon  one  of  the  radial  canals  and  equally  developed  upon  the 
others.  One  specimen  showed  the  gonads  developed  only  upon  one  of 
the  canals.  Six  specimens  showed  no  trace  whatever  of  gonads  though 
they  were  of  full  size  and  normal  in  every  other  respect.  Another  speci- 
men showed  only  traces  of  gonads  as  two  small  knobs  near  the  bases  of 
two  approximate  canals. 

There  was  considerable  variation  in  both  the  number  and  arrangement 
of  tentacles.  In  reference  to  variation  with  age  it  was  found  that  on  the 
smallest  specimen  examined,  measuring  2  mm.  in  diameter,  the  tentacles 
were  29,  while  on  the  largest,  19  mm.  in  diameter,  there  were  68  tentacles. 
The  number,  however,  was  not  always  proportional  to  the  size.  For  ex- 
ample, one  specimen  of  4  mm.  in  diameter  had  39  tentacles,  while  another 
of  6  mm.  had  but  30  ;  the  largest  referred  to  above  had  68,  while  a  speci- 
men but  14  mm.  in  diameter  had  71,  and  two  others  of  15  and  16  mm. 
had  72  each.  In  only  eleven  of  the  500  specimens  were  the  number  of 
tentacles  between  each  radial  canal  equal  and  symmetrical.  In  the  order 
of  appearance  of  new  tentacles  there  did  not  seem  to  be  any  definite  reg- 
ularity. For  example,  the  following  from  many  observations  will  reveal 
this  more  clearly:  (i)  2-1,2-1,2-1,  etc.  (2)  7-1,3-1,7-1,3-1,  etc. 
(3)  ii-i,  ii-i,  ii-i,  etc.,  in  each  case  the  i  indicating  the  new  tentacle. 

In  only  a  single  specimen  was  there  found  any  bifurcation  of  the  ten- 
tacles which  was  so  conspicuous  a  feature  in  Eucope.  In  this  specimen 
there  were  two  tentacles  arising  from  a  single  sensory  bulb  and  two  other 
showed  bifurcation,  one  near  the  tip,  the  other  near  the  base. 

In  the  number  and  character  of  the  radial  canals  there  was  the  most 
marked  exhibition  of  variation.  In  number  the  variation  was  from  2-6. 
Of  the  minimal  number  (2)  only  a  single  specimen  was  found,  but  it  was 
in  every  way  normal  other  than  this,  and  the  correlated  fact  that  there 
were  but  two  gonads.  These  canals  were  continuous  and  divided  the 
body  into  halves. 

Of  specimens  with  six  canals  several  were  found,  some  of  which  clearly 
showed  the  canals  converging  symmetrically  to  the  gastric  pouch,  but  in 
a  few  cases  the  extra  two  canals  were  found  to  result  from  an  apparent 
bifurcation  of  two  of  the  primary  canals  at  distances  varying  from  a  fourth 
to  three-fourths  of  the  distance  toward  the  margins. 

Several  specimens  were  likewise  found  with  five  canals.  Indeed  this 
was  not  an  uncommon  feature  and  the  medusa  was  divided  ilito  a  regular 
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pentamerous  form,  quite  similar  to  reports  made  by  several  observers  of 
pentamerous  Aurelias. 

Of  those  with  three  canals  several  varieties  were  found,  those  with  three 
symmetrical  canals  dividing  the  bell  into  thirds,  or  making  a  trimerous 
form,  the  canals  being  at  angles  of  120^.  In  other  cases  one-half  0/  the 
bell  was  equally  divided  by  the  third  canal  into  quadrants  while  the  other 
half  remained  undivided,  showing  that  in  this  case  there  had  been  the 
total  suppression  of  one  of  the  canals. 

In  a  few  cases  a  sort  of  aboral  circular  canal  was  present,  the  radials 
instead  of  entering  directly  into  Uie  gastric  pouch  entered  a  circular  canal 
which  surround  it.  Of  these  there  were  several  forms  which  only  dia- 
grams can  make  clear. 

In  conclusion  it  may  be  suggested  that  there  was  an  apparent  absence 
of  any  correlation  of  variation  and  also  of  any  **  meristic  *'  feature. 


Variations  in  Jaws  of  Nbribs  Limbata.  By  Miss  Mary  Hbf- 
FERAN,  University  of  Chicago. 

A  quantitative  study  of  variation  made  upon  the  species  Nerieslimbata, 
collected  at  Cold  Spring  Harbor,  Long  Island,  during  the  summer  of 
1899,  g^ive  the  following  results : 

The  character  chosen  for  investigation  was  the  number  of  teeth  on  the 
exsertile  jaws.  These  number  from  5-14  on  each  of  the  two  jaws,  and 
were  distinguished,  both  for  the  sake  of  convenience  and  for  purposes  of 
comparison,  as  definite  teeth,  those  which  occupy  the  distal  half  of  the 
jaw  and  which  are  clearly  separated  from  each  other,  and  the  indefinite 
teeth  at  the  base  of  the  jaw  which  are  covered  by  a  transparent  homy 
layer. 

The  typical  condition  of  the  total  number  of  teeth  of  400  specimens 
of  Neries  limbata  of  Cold  Spring  Harbor  is  a  curve  of  type  I  or  type  IV, 
with  a  slight  skewness  in  a  negative  direction  from  the  mode  10. 

In  the  case  of  the  calculation  of  the  right  total  teeth,  a  transition  from  a 
cur\*e  of  type  IV,  to  an  equally  serviceable  one  of  type  I  could  be  made 
by  dropping  one  extreme  individual  out  of  400.  The  teeth  on  the  ri^ht 
jaw  appear  to  be  slightly  more  variable  than  those  on  the  left.  The  least 
variation  is  shown  by  the  indefinite  teeth. 

The  degree  of  correlation  between  the  two  jaws  is,  on  the  whole,  rather 
high,  0.820.  Correlation  is  closer  between  the  indefinite  than  between 
the  definite  teeth.  A  negative  correlation  exists  between  the  definite  and 
indefinite  of  the  same  jaw,  that  is.  a  small  number  of  definite  teeth  is 
associated  with  a  large  number  of  indefinite,  and  vice  versa.  An  inverse 
relation  also  exists  between  the  number  of  definite  teeth  and  the  age  of 
the  animal,  older  animals  presenting  fewer  definite  teeth. 

This  resuU.  as  well  as  those  of  observation  of  many  specimens  shcywing 
many  irregularities  in  the  teeth,  point  to  the  conclusion  that  a  process 
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of  erosion  of  the  extreme  teeth  forms  a  certain  factor  in  the  variation  of 
the  definite  and  perhaps  indirectly  of  the  indefinite  teeth.  A  difference 
in  the  number  of  teeth  in  respect  to  the  age  of  the  animal  has  rarely  been 
recognized  in  desciiptions  heretofore,  and  would  be  naturally  overlooked 
unless  a  large  number  of  specimens  was  examined.  Little  value  can 
thus  be  placed  upon  the  statements  made  in  regard  to  the  number  of  teeth 
in  a  large  number  of  species  where  only  a  few  specimens  were  found. 


Some   Cases   of  .  Sai^tatory  Variation.    By  C.   H.    Eigenmann, 
Indiana  University. 

1.  A  specimen  of  Rana  pipiens  54  mm.  long  has  the  forearm  and  hand 
of  the  right  side  duplicated.  This  arm  is  carried  in  a  sling  formed  of  a 
loop  of  the  skin  of  the  breast  4  mm.  wide.  This  is  a  pathological 
abnormality  rather  than  a  variation  that  leads  to  the  mutation  of  the 
species. 

2.  A  specimen  of  Ameiurus  natalis  120  mm.  differs  from  normal 
specimens  in  the  total  absence  of  all  traces  of  the  ventral  fins.  This  is  a 
saltatory  variation  which,  if  prepotent,  might  give  rise  to  a  race  of  catfish 
without  ventrals  which  would  be  considered  generically  different  from 
the  parent  stock.  This  specimen  is  of  interest  in  connection  with  the 
next  case. 

3.  A  variation  of  great  importance  and  no  small  interest  is  presented  by 
nine  specimens  of  Ameiurus  melas.  These  were  collected  at  randon  from 
among  a  large  number  in  Mitchells  cave,  Kentucky.  Each  one  possesses 
one  or  more  supplemental  nasal  barbels.  These  might  give  rise  to  the 
supposition  that  they  are  the  direct  result  of  the  cave  life,  but  an 
examination  of  all  of  the  data  makes  it  probable  that  we  are  dealing 
with  a  coincidence  of  a  cave  habitat  and  a  prepotent  saltatory  variation 
that  appears  adaptive  to  a  cave  existence.  The  conclusions  arrived  at 
concerning  these  specimens  are:  i.  The  variation  is  saltatory.  2.  It  is 
bilateral  without  reaching  perfect  bilateral  correlation.  3.  It  is  improb- 
able that  the  variation  arose  independently  in  each  of  the  specimens. 

4.  The  variation  probably  arose  in  one  of  the  ancestors  of  the  specimens. 

5.  Admitting  4,  the  saltatory  variation  arising  in  an  ancestor  was  prepo- 
tent to  a  very  high  degree. 
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Variation  in  Io.^    By  Charles  C.  Adams,  University  of  Chicago. 
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As  a  Whole. 

"So  soon  as  sufficient  material  becomes  available,  the  zoologist  can  make 
that  kind  of  research  into  the  permanency  and  variability  of  the  characters  of 
species  which  characterizes  the  exact  stage  of  the  science.  It  is  on  such  study 
that  all  useful  conclusions  as  to  the  origin  of  species  depends.  It  is  not  the 
orderly  relation  of  species  and  genera  to  each  other  that  demonstrates  the 
truth  of  the  hypothesis  of  the  derivation  of  species,  but  the  knowledge  of 
their  variations.  Moreover,  the  beginning  of  all  investigation  into  the  causes 
of  those  variations  is  the  knowledge  of  the  direction  which  they  take,  whether 
they  are  promiscuous  or  whether  they  bear  some  definite  relation  to  each 
other  or  to  the  environment." — Cope. 

The  object  of  the  present  paper  is  to  give  the  results  of  the  study  of 
some  of  the  variations  in  the  shells  of  the  genus  To,  from  the  Powell  and 
Clinch  rivers  of  southwest  Virginia  and  east  Tennessee.  This  genus  lives 
in  fresh  water ;  belongs  to  the  family  Pleuroceridae ^  and  was  selected  for 
this  study  on  account  of  its  great  variability,  abundance,  large  size,  and 
very  limited  geographical  range.  These  shells  have,  with  one  doubtful 
exception,  been  found  only  in  the  Tennessee  river  and  its  tributaries, 
especially  the  tributaries  of  the  upper  Tennessee. 

Methods  and  Material. 
Field  Methods. — The  shells  of  the  genus  lo  have  been  considered  by 
various  authors  to  belong  to  several  species.  I  concur  with  the  opinion 
of  several  conchologists  and  consider  all  of  these  forms  one  species.  But 
whether  we  are  dealing  with  one  species  or  several  is  a  minor  point  in 
the  present  study,  for  such  distinctions  are  largely  a  question  of  con- 
venience, and  thus  opinions  vary  with  dispositions  and  tastes.  In  view 
of  the  differences  of  opinion  and  the  great  variability  of  the  shells,  large 
series  were  needed  for  this  study.  The  material  in  museums  and  collec- 
»  Report  upon  investigations  aF"'"*/"!  by  research  grants  from  the  Association. 
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tions  being  found  to  be  insufficient  in  both  quality  and  quantity,  I  found 
it  necessary  to  collect  new  material. 

Provided  with  the  topographic  sheets  of  the  U.  S.  Geological  Survey* 
I  began  at  the  head  waters  of  the  Clinch  river  near  Tazewell,  Virginia, 
and  followed  the  stream  to  Clinton,  Tennessee,  making  such  collections 
as  were  possible,  and  carefully  recording  the  exact  locality  of  each  col- 
lection. A  similar  trip  was  made  up  the  Powell  river  to  Big  Stone  Gap, 
Virginia.  The  trip  from  St.  Paul  to  Clinton,  Tennessee,  was  made  in  a 
rowboat;  the  trip  up  the  Powell  river  by  rail  and  on  foot. 

Since  the  favorite  habitat  of  these  shells  is  in  shoals,  careful  search  and 
collections  were  made  in  such  habitats  whenever  practicable.  The  great 
amount  of  clay  in  the  Clinch  river  after  rains,  hindered  collecting  con- 
siderably at  times.  It  was  found  that  the  shells  could  only  be  obtained 
in  satisfactory  quantities  when  the  water  was  clear  enough  to  see  indi- 
vidual shells.  The  rapid  water  and  rocks  make  a  dip-net  useless  ;  so  one 
must  first  find  a  favorable  locality,  and  then  by  feet  and  hands  gather  the 
shells,  the  sharp  spines  greatly  facilitating  this  process  when  barefooted. 
The  water  in  which  most  of  the  shells  were  found  was  less  than  knee- 
deep.  The  animal  decidedly  prefers  rock  bottom  and  water  of  moderate 
swiftness. 

The  shells  were  boiled,  the  animal  removed  when  time  allowed,  and 
the  shells  packed  in  papers  for  shipment. 

All  collections  were  made  by  lots  ;  that  is,  all  shells  from  a  single  shoal 
were  put  into  one  lot,  except  when  only  a  few  scattered  individuals  were 
found.  The  exact  data  will  be  given  with  the  geographical  distribution 
of  the  lots. 

Method  of  Getting  the  Quantitative  Data. 

The  width  of  the  shell  was  determined  by  a  pair  of  calipers,  spread 
from  the  upper  angle  of  the  aperture  to  the  opposite  side,  avoiding  spines- 
The  length  of  the  aperture  was  measured  from  its  upper  angle  to  the  ex- 
treme apex  of  the  fuse. 

The  width  of  the  shell  has  been  used  in  determining  a  shell-index,  in- 
stead of  the  height  of  the  shell,  on  account  of  the  erosion  of  the  apex  of 
the  shell  which  would  introduce  a  larger  error. 

The  spines  were  measured  by  an  instrument,  invented  and  designed  by 
Dr.  Davenport,  which  was  graduated  in  millimeters.  The  depth  between 
the  spines  was  read  on  an  upright  sliding  rod  and  the  distance  between 
the  peaks  of  the  spines  was  read  on  a  horizontal  bar.  This  instrument 
answers  its  purpose  admirably.  Measurements  were  made  between  the 
first  and  second  spines,  the  second  and  third,  and  the  third  and  fourth, 
in  most  cases ;  occasionally  those  between  the  third  and  fourth  were 
necessarily  omitted.  The  averages  of  these  dimensions  were  used  in  de- 
termining spinosity.  The  spines  used  were  the  last  ones  formed,  since 
these  are  less  liable  to  be  eroded  at  the  tips. 

In  the  head  waters  of  the  Powell  the  shells  were  very  badly  eroded,  a 
cavity  often  being  left  in  the  place  of  a  spine.     The  shells  of  the  Clinch 
14 
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and  the  lower  Powell  were  much  less  eroded.  It  is  worthy  of  notice  that 
much  iron  occurred  in  the  upper  Powell.  In  the  -measurements  of  the 
shell  and  spines,  tenths  of  millimeters  were  estimated. 

The  spinosity  and  aperture  of  the  shell  have  been  the  characters  used 
in  these  studies  for  two  reasons.  The  aperture  in  proportion  to  the  height 
of  the  shell,  is  nearer  equal  in  lo  than  in  any  other  genus  of  the  family, 
and  is  of  generic  value.  This  character  then,  reaches  the  extreme  of  de- 
velopment in  the  familj',  and  is  of  fundamental  phylogenetic  significance. 
The  spinosity  or  smoothness  of  the  shell  has  often  been  the  basis  for 
specific  characters  and  is  obviously  a  most  striking  and  variable  charac- 
ter.    The  spinosity  also  reaches  the  extreme  of  development  in  the  family. 

In  order  to  compare  the  various  lots  which  vary  in  a  number  of  speci- 
mens, the  frequencies  have  been  reduced  to  thousands  by  the  following 
formula : 

n  =  the  number  of  shells  in  a  group. 
/  =  frequencies  in  the  classes. 

looo  _  .  -  ... 
X  y  =  per  mille. 

All  of  the  curves  plotted  are  on  this  basis. 

In  all  the  curves  the  groups  of  individuals,  or  classes,  having  the  same 
dimension  in  millimeters,  or  per  cents. ,  are  indicated  on  the  horizontal 
line,  the  axis  of  abscissas  ;  and  the  number  of  individuals  in  these  classes, 
the  frequencies,  are  noted  on  the  vertical  lines,  the  ordinates. 

Geographical  Data. 

These  data  are  arranged  by  lots  and  by  groups.  In  order  to  be  very 
exact  with  regard  to  locality,  the  material  collected  from  each  shoal  or 
rapid  was  kept  in  a  distinct  lot.  I^ater,  when  no  marked  difference  was 
recognized,  data  from  some  of  these  lots  were  combined  into  groups  for 
convenience  in  comparison. 

Beginning  with  the  headwaters  of  the  Powell  river  near  Big  Stone 
Gap,  Virginia,  and  going  down  stream,  we  have  the  following  groups : 

Group    /.  Lot  45.     dinger,  Virginia.     Below  the  mill  dam.    Sept. 

5»  '99- 
Group    2.  Lot  41.     Dryden,  Virginia.     About  two  miles  up  stream 

from  the  town.     Most  of  the  shells  were  found  in  fairly 

rapid  water.     About  ankle  deep.     Sept.  3,  '99. 
Group  J.  Lot  39.     Pennington  Gap,  Virginia,  Lytton's  Mill.  Three 

and  a  half  miles  southeast  of  the  town.     Sept.  i,  '99. 
Group    4.  Lot  37.     Powell  River  Station  to  Bryant  Shoals  above  the 

mouth  of  Gap  Creek,  Tenn.     Aug.  30,  '99. 
Lot  38.     Collected  above  McHenry's  Ford  in  the  river 

from  near  Arthur,  Tenn.,  to  Shawanee,  Tenn.     Aug. 

31,  '99- 
This  group  is  from  the  vicinity  of  Cumberland  Gap. 
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Group  5.  Ix>t  29.     Green's  Ford,  Tenn.     Rocky  bottom.     Aug.  23- 

24,  '99. 
Group    6,  I/)t  28.     Powell  River  Post  Office,  Tenn.     Rocky  bottom. 
Aug.  23,  '99. 
I/)t  31.     Craig's  Ford,  near  Agee,  Tenn.    Gravel  bottom. 

Aug.  21,  '99. 
Lot  30.     Mouth  of  Powell  River,  Agee,  Tenn.   Two  young 
spiny  shells.    Aug.  21,  '99. 
Clinch  River,  from  headwaters  down  stream  : 

Group    7.  Lot  56.     One  mile  east  of  Cleveland,  Va.    Collected  by  J. 
M.  lyitton  on  shoal  near  his  home.     Middle  of  Novem- 
ber, '99. 
Group    8,  Lot  11.    St.  Paul,  Va.,  on  a  rocky  shoal,  about  a  mile  and 
a  half  below  the  town.    Aug.  5,  '99. 
Lots  14,  16,  and  52,  St.  Paul,  Va.,  as  above.    Aug.  8,  9, 

'99- 
Lot  53.     St.  Paul,  Va.     Wheeler's  Ford,  collected  by  Mr. 

N.  F.  Blevins.    Oct.  25,  '99. 
Lot  50.     Dungannon,  Va.     Aug.  '99. 
Lot    6.     Between    Dungannon  and  St.   Paul,   Va.,  near 

mouth  of  Bull  Run  Creek. 
Lot  5 It    About  third  shoal,  below  mouth  of  Stony  Creek, 

near  Fort  Blackmore,  Va.     Aug.  12,  '99. 
Group    9.  Lot  55.     Clinchport,  Va.,  Indian  shoals  near  MacDonald's 

Mill.     Collected  latter  part  of  September,  '99,  by  Mr. 

T.  W.  Stratton. 
Group /a.  Lot  17.     About  four  miles  above  Kyle  Ford,  near  Sneed- 

ville,  Tenn.    Aug.  15,  '99. 
Group//.  Lot  18.     Between  Kyle  Ford  and  Sneedville,  Tenn.     Aug. 

16,  '99. 
Lot  21.     Upper  part  of  Thirty  Mile  Shoal,  between  Cloud 

Ford  and  mouth  of  Big  Sycamore  Creek,  Tenn.    Aug. 

18, '99. 
Lot  20.     Needham's  Ford,  Tenn.     Aug.  19,  1899. 
Lot  32.    Agee  to  Offut,  Tenn.    Aug.  25,  1899. 

Variation  in  Shell-index. 
(Plate  VII.) 
The  index  obtained  by  dividing  the  length  of  the  aperture  by  the  diam- 
eter of  the  shell  fj.  ^.,  j^- — r— I  will   be   called  the  shell  index. 
^  diametery 
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POWELL  RIVER. 
(Plate  in.) 

BY  GROUPS. 

Group  I. — Number  of  shells  286,  including  a  large  number  of  small  or 
young  shells.  All  from  lot  45,  Olinger,  Va.,  near  the  headwaters  of  the 
Powell  River. 

Range  of  variation  from  68. 5  per  cent,  to  91.5  per  cen t. ,  inclusive.  loo  per 
cent. ,  meaning  that  the  aperture  and  diameter  of  the  shell  are  equal.  Class 
with  the  largest  number  of  individuals  (1.  ^.,  the  mode)  at  76.5  with  a 
frequency  of  37.  Minor  modes  at  78.5  with  a  frequency  of  32,  and  at  73.5 
with  a  frequency  of  28. 

There  is  much  variation  in  this  lot  as  shown  by  the  great  breadth  of  the 
curve  at  the  top.     ( Plotted  on  Plate  III,  i. ) 

Group  2  (Plate  XXIII).— Number  of  shells  247.  All  from  Lot  41,  Dry- 
den,  Va.,  headwaters  of  the  Powell  River. 

Range  of  variation  from  69.5  to  88.5  per  cent.  Mode  at  80.5  with  fre- 
quency of  31.  Minor  modes  at  78.5  with  a  frequency  of  26,  and  at  75.5 
with  24. 

Here  also  the  curve  is  broad,  indicating  high  variation,  Plate  III,  2. 

Groups  (Plate  XIX).— Number  of  shells,  192.  All  belong  to  Lot  39, 
Lytton's  Mill,  Pennington  Gap  P.  O.,  Va.,  headwaters  of  the  Powell. 

Range  of  variation  66.5  to  90.5.  Mode  at  75.5  with  frequency  of  28. 
Minor  mode  at  78.5  with  frequency  17. 

The  maximum  at  75.5  is  quite  steep,  indicating  a  considerable  amomit 
of  stability,  Plate  III.  3. 

Group  4  \  Plate  XX  >.— Number  of  shells  185.  All  belong  to  Lot  37  and 
38,  from  the  \-icinity  of  Cumberland  Gap,  Powell  River. 

Range  of  variation  60.5  to  Si. 5.  Mode  at  70.5  and  72.5  with  19.  Minor 
mode  at  67.5  with  14. 

This  cur\'e  as  compared  with  the  previous  one  is  very  much  more  vari- 
able, as  shown  by  the  ver>-  flat  curve.  The  range  is  quite  different,  show- 
ing a  much  lower  index,  Plate  II L  4. 

Groups  ^^  Plate  XXI '. — Number  of  shells  200.  All  from  Lot  29,  Green's 
Ford,  lower  part  of  Powell  RiN-er. 

Range  of  N-ariation  61.5  to  S5.5  Mode  at  67.5.  68.5.  and  69.5  with  a  fre- 
quency of  iS.  Minor  modes  at  64.5  with  frequency  of  16  ;  at  72.5  with 
14.  and  74.5  and  75.5  with  13. 

This  is  a  remarkably  flat  curve,  but  inclines  strongly  toward  a  very  low 
index  :  as  a  whole  the  lowest  lot  in  the  river.     Plate  III,  5. 

Gnyup  0  Plate  XXII  . — Number  of  shells  xx>.  From  Lots  aS,  30,  and 
;i.  lower  part  of  Powell  Ri\*er. 

Range  of  variation  62.5  to  87^;.  Mvxie  at  6S.5  with  a  freqnencr  of  i8w 
Minor  nuxles  at  70.5.  72.5  ami  73.5  of  17  :  and  at  77.5  with  ii. 

This  is  also  a  v-»-v  ^'•'►♦* "  \rT*^"T>       >!*»»*  ttt^  t>. 
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UPPER  AND  I,OWER  PARTS. 

Shelis  above  and  Including  Lytton's  Mill, 
Groups  /,  2y  3. — Number  of  shells  725. 

Range  66.5  to  91.5.  Mode  at  75.5,  76.5  with  83  ;  a  minor  mode  at  78.5 
with  75.     (Plate  V,  i,  2,  3.) 

Below  Lyiion's  Mill. 

Groups  4^  5,  6. — Number  of  shells  5S5. 

kange  60.5  to  87.5.  Mode  at  72.5  with  50.  A  slightly  less  frequency 
at  70.5  and  68.5  with  48  and  47  respectively. 

Merely  a  glance  at  Plate  V  clearly  shows  that  Groups  i,  2,  3  and  4,  5, 
6  are  remarkably  different.  The  shells  from  the  headwaters  (i,  2,  3) 
have  a  much  higher  index  and  a  much  steeper  curve,  thus  showing  a 
much  more  stable  condition.  Plate  III  clearly  shows  this  same  tendency 
but  not  in  such  a  graphic  way. 

AS  A  WHOLE. 

Groups  I  to  6  (Plate  VI,  P).— Number  of  shells  13 10. 

Range  of  variation  60.5  to  91.5.  Mode  at  75.5  with  frequency  of  116. 
Minor  mode  at  78.5  with  94. 

The  maximum  is  thus  dominated  by  the  shells  from  the  up  stream 
with  their  high  index. 

CLINCH  RIVER. 

(Plate  IV.) 

BY  GROUPS. 

Cn?«/7(Plate  XXIII). — Number  of  specimens  182.  From  Lot  56, 
Cleveland,  Va.,  near  headwaters  of  Clinch. 

Range  of  variation  70.5  to  88.5.  Mode  at  82.5,  83.5  with  a  frequency 
of  20.     Minor  modes  at  77.5,  78.5  with  16  ;  and  at  86.5  with  15. 

The  data  are  plotted  on  Plate  IV,  7,  and  show  that  there  is  considerable 
variation  and  a  very  high  index. 

Group  8  (Plate  XXIV). — Number  of  specimens  270.  From  Lots  6,  11, 
14,  16,  51,  52,  and  53,  St.  Paul  to  above  Clinchport,  Va. 

Range  66.5  to  88.5.  Mode  at  75.5  with  a  frequency  of  33.  Minor  mode 
at  80.5  with  23. 

This  is  not  as  flat  a  curve  as  that  of  Group  7,  and  shows  a  strong  ten- 
dency toward  a  low  index.     (Plate  IV,  8). 

Group  p  (Plate  XXV).— Number  of  specimens  167.  From  Lot  55, 
Clinchport,  Va. 

Range  62.5  to  80.5.  Mode  at  68.5  with  29  ;  almost  at  great  maximum 
at  70.5  with  26.  . 

This  is  a  remarkable  curve  in  its  stability  and  the  very  low  index  of 
the  shell.     (Plate  IV,  9.) 

Group  JO  (Plate  XXVI). — Number  of  specimens  276.  From  Lot  17, 
near  Kyle  Ford,  Tenn. 
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Range  at  62.5  to  82.5.  Mode  at  72.5  with  42.  Minor  mode  at  70.5 
with  30. 

This  curve  is  quite  steep  but  tends  towards  a  low  index.  (Plate  IV,  10.) 

Group  n  (Plate  XXVII).— Number  of  specimens  96.  From  Lots  18, 
20,  21,  and  32  in  Clinch  below  Kyle  Ford. 

Range  65.5  to  80.5.  Mode  at  70.5,  71.5  with  15,  and  a  minor  mode  at 
75.5  and  76.5  with  7. 

This  is  a  very  steep  curve  but  tends  towards  a  high  index,  and  is  some- 
what intermediate  between  that  of  Lots  9  and  10.     (Plate  IV,  11.) 

UPPER  AND  LOWER  PARTS. 

Above,  but  not  Including ,  Clinchpori^  Va, 
Groups  7,  8. — Number  of  shells  452. 

Range  of  variation  66.5,  88.5.  Mode  at  77.5,  80.5  with  39  and  a  minor 
mode  at  82.5  with  34. 

This  shows  a  very  high  index  with  much  variation.      (Plate  V,  7,8.) 

Clinchport,  and  below  to  Clinton, 

Groups  9,  70,  II . — Number  of  shells  539. 

Range  of  variation  62.5,  82.5.     Mode  at  70.5  with  71. 

Thus  the  mode  of  the  headwater  shells  is  at  77.5  and  80.5,  and  those 
from  further  down  stream  are  at  70.5,  a  much  lower  index.  The  head- 
water shells  are  more  variable  as  shown  by  the  flat  curve  while  the  ones 
from  down  stream  are  much  less  variable  as  shown  by  their  steep  curve. 
(Plate  V,  7,  8,  and  9,  10,  11.) 

AS  A  WHOLE. 

Groups  7  to  II. — Number  of  shells  991. 

Range  of  variation  62.5  to  88.5.     Mode  at  70.5  with  a  frequency  of  80. 
Minor  mode  at  75.5  with  67.     (Plate  VI,  C. ) 
This  low  curve  shows  a  large  amount  of  variation  and  a  low  index. 

POWELL  AND  CLINCH  COMPARED. 
Headwaters.  Groups  /,  2,  3,  and  7,  *?.  Plate  V, 
The  mode  for  the  Powell  is  lower  than  for  the  Clinch  and  the  variation 
is  less,  but  the  shells  of  the  Powell  are  smaller  and  contain  apparently 
more  young  shells.  More  of  the  Clinch  shells  have  a  high  index. 
The  resultant  for  the  two  streams  is  given  on  Plate  VII,  the  mode  being 
at  75.5  with  119. 

Down  Stream.     Groups  4,  5,  (5,  and  9,  /<?,  //.     Plate  F. 
The  Powell  shells  give  a  multimodal  curve  which  is  low  and  broad,  in- 
dicating much  variation,  while  the  curve  of  the  Clinch  is  quite  steep,  show- 
ing considerable  stability. 

The  really  remarkable  facts  which  these  curves  reveal  are  the  close  re- 
lation which  is  seen  when  the  maxima  of  the  two  streams  and  the  steep- 
ness of  the  curves  are  compared.     The  down-stream  shells  in  the  Powell 
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and  Clinch  have  modes  which  are  remarkably  alike.  The  same  is  true 
for  the  headwater  shells  of  the  two  streams.  This  is  shown  also  on 
Plates  III  and  IV,  but  not  in  such  a  graphic  way  as  on  Plate  V. 

With  regard  to  the  steepness  of  the  curves  the  headwater  shells  of  the 
Powell  and  the  down-stream  shells  of  the  Clinch  have  steep  curves  and 
are  less  variable,  while  they  have  quite  different  maxima.  On  the  other 
hand,  the  down-stream  shells  of  the  Powell  and  the  headwater  shells  of 
the  Clinch  have  the  flat  curves  showing  much  variation  with  very  different 
maxima.  The  resultant  for  the  down-stream  shells  is  given  on  Plate 
VII,  the  mode  being  at  70.5  with  119. 

Variation  in  Shell-spinosity. 
(Plate  XVII.) 

All  smooth  shells  have  been  placed  in  the  class  0.2  mm.,  which  has  a 
range  of  from  0.0-0.4  01m, 

The  index  of  spinosity  was  determined  by  the  average  of  the  ratios 

height  of  spines 
width  between  spines* 

The  same  number  of  shells  have  been  used  for  width  between  spines 
and  for  the  index,  but  for  the  height  data  a  larger  number  of  shells  have 
sometimes  been  used. 

POWELL  RIVER. 

(Plates  VIII,  IX  and  X.) 

Group  /  -\-  2,        Group  2,  Plate  XVIII, 

The  number  of  spinose  shells  in  these  two  groups  was  so  small  that 
they  have  been  united  for  convenience.  As  the  number  of  shells  in  these 
groups  was  quite  large  only  a  sample  has  been  used,  care  being  taken  to 
retain  the  exact  proportion  of  spiny  and  smooth  shells.  The  original 
number  of  shells  was  132 1,  these  being  represented  in  the  tables  by  542 
shells. 

Height  0/ Spines, — Number  of  shells  542.  Range  of  variation  o  2  to 
2.7  mm.  Mode  at  0.2  mm.,  with  a  frequency  of  516,  thus  showing  that 
almost  all  of  the  shells  were  practically  smooth. 

Width  between  Spines  {of  Spinose  Shells). — Number  of  shells  19. 
Range  of  variation  5.5  to  8.5  mm.     Mode  at  6.5  with  7. 

Index  0/ spinosity. — Range  o.  12  to  0.37  per  cent.    Mode  at  o.  17  with  8. 
Groups.    Plate  XIX. 

Height. — Number  of  shells  192.  Range  of  variation  0.2  to  2.2  mm. 
Mode  at  0.2  with  99. 

Width. — Number  of  shells  94.  Range  4.5  to  10.5  mm.  Mode  at  7.5 
with  32. 

Index. — Range  0.07  to  0.32.     Mode  at  0.17  with  45. 
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Group  4.     PUU  XXI I , 

Height. — XtzmbcT  of  shells  1S5.  Range  0.2  to  2.7  nrai  Mode  st  r.2 
mm.  with  54. 

Width. — Namber  of  shells  155.  Range  4.5  to  rr.5  mm  Mode  at  7.5 
mm.  with  41. 

ImUx. — Range  from  o.  12  to  0.42.     Mode  0.27  with  A 

Groups-     PlaUXXI. 

Height. — Komber  of  shells  209.  Range  0.2  to  3.2  mm.  Motie  at  1.7 
with  75. 

Width. — Number  of  shells  197.  Range  of  Tariacioa  4-5  to  11.5x011. 
Mode  at  S.5  with  55. 

Index. — Range  from  0.12  to  0.42.     Mode  at  0.22  with  73. 
Group  6.     PlaU  XXII. 

Height. — Namber  of  shells  219L  Range  0.2  to  2.7  mm.  Mode  1.7 
with  97. 

Width. — Namber  of  sheUs  212.     Range  3.5  to  12.5  mm.     McMie  at  S.5 

Index. — Range  o.  r 2  to  0.37.     Mode  0.27  with  S4. 

rPPEJl  AXD    LOWER  PARTS. 

Bv  reference  to  Plates  \Tn  and  X  it  will  be  seen  ;hat  Groups  i.  2,  and 
3  stand  isolated  with  regard  to  height  of  spines  and  spine  index,  while 
Groap  4  is  intermediate  with  regard  to  height  and  apparentlj  Grocxp  5 
with  regard  to  index. 

Groap  4  is  also  the  most  variable,  the  other  ones  haWng  very  steep 
corves.  Clearlv  these  facts  indicate  that  the  sptnositj  of  the  shells  from 
the  headwaters  is  very  slight  compared  with  those  from  down  stream, 
and  that  there  is  a  remarkable  degree  of  stabilitv  in  and  lack  o£  gradatioti 
between  these  two  extremes.  In  connection  with  the  linear  distribatioa 
in  a  stream  it  is  interesting  to  notice  that  the  Une  of  contact  bctweea 
these  two  types  is  rather  long  on  accoant  of  their  overlapping.  Thus  we 
find  smooth  shells  in  the  headwaters  :  abont  15  miles  farther  down* 
stream  at  Lvtton's  Mill  the  population  is  mixed  bat  not  very  spiny:  from 
vicinity  of  Cumberland  Gap  Groap  4 »  the  shells  are  intet  mediate:  b^ow 
this  point  the  shells  rapidly  become  very  spiny. 

With  regard  to  the  width  between  the  spines^  Plate  IX  shows  that  there 
is  a  tendency  even  here  to  show  some  individuality.  These  £Kts  show 
that  with  regard  to  the  width  between  the  spines,  the  up-  and  down^stream 
shells  show  a  marked  difference,  this  distance  being  less  in  the  head- 
water shells,  and  more  constant. 

AS  A  WHOLE. 

Height  .  Plate  XIV.  P  .—Number  of  shells  1347.  Range  0.2  103.2 
mm.     Mode  at  o.  2  with  66-       "or  -he  spin^  *hells  the  mode  is  at  1.7  with 

219. 
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Width  (Plate  XV,  P).— Number  of  shells 677.  Range  3.5  to  12.5  mm. 
Mode  at  8.5  with  163. 

Index  (Plate  XVI,  P). — Range  0.07  to  0.42.     Mode  0.27  with  203. 

With  regard  to  height  of  spines  we  see  that  the  less  spiny  or  smooth 
shells  have  a  very  steep  curve,  while  the  decidedly  spiny  shells  have  a 
low  and  broad  curve. 

CUNCH  RIVER. 
(Plates  XI,  XII  and  XIII.) 
By  Groups.        Group  7. 
Number  of  shells  182,  all  smooth. 

Group  8,    Plate  XXIV. 
Height. — Number  of  shells  276.     Range  0.2  to  2.7  mm.     Mode  at  0.2 
with  182  individuals. 

Width. — Number  of  shells  85.  Range  4.5  to  11.5  mm.  Mode  at  7.5 
with  28. 

Index. — Range  0.07  to  0.32.     Mode  at  0.17  and  0.22  with  29. 

Group  p.    Plate  XXV. 
Height. — Number  of  shells  178.     Range  0.02  to  3.2  mm.     Mode  at  2.2 
with  71. 

Width. — Number  of  shells  164.  Range  6.5  to  14.5  mm.  Mode  at  9.5 
with  50. 

Index. — Range  0.07  to  0.42.     Mode  0.22  with  65. 
Group  10.    Plate  XXVI. 

Height. — Number  of  shells  287.  Range  0.2  to  3.2  mm.  Mode  1.7 
with  117.  ' 

Width. — Number  of  shells  272.  Range  4.5  to  12.5  mm.  Mode  at  9.5 
with  89. 

Index. — Range  0.12  to  0.52.     Mode  at  0.22  with  104. 
Group  II.    Plate  XXVII. 

Height. — Number  of  shells  99.  Range  0.2  to  3.2  mm.  Mode  2.2  with 
39. 

J^V^/A.— Number  of  shells  96.  Range  3.5  to  14.5  mm.  Mode  at  9.5 
with  25. 

Index, — Range  0.12  to  0.42.    Mode  at  0.27  with  43. 

UPPER  AND  I,OWER   PARTS. 

Height  0/  Spines  (Plates  XI  and  XVII).— A  glance  at  the  plates 
shows  that  Group  7  is  composed  of  smooth  shells,  and  in  Group  8  out  of 
276,  179  were  smooth.  This  group  contained  lyot  51,  which  was  taken 
near  Clinchport,  and  perhaps  should  have  been  placed  in  Group  9,  as  it 
was  composed  of  quite  spiny  shells.     The  important  fact  to  recognize 
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here  is  that  the  shells  were  smooth  in  the  headwaters  ;  further  down  at 
St.  Paul  the  population  became  mixed,  but  was  primarily  smooth,  and 
about  40  miles  further  down  at  Clinchport  (Group  9)  the  shells  were 
extremely  spiny. 

Group  10  is  intermediate  between  the  smooth  and  extremely  spiny 
shells  (Plate  XI,  10),  and  thus  seems  out  of  place  geographically,  since 
it  is  further  down  stream  than  Group  9.  Group  1 1 ,  as  a  whole,  is  the 
most  spiny  lot,  perhaps  more  so  than  Group  9  which  is  quite  spiny  and 
has  greater  variation,  the  apex  of  the  curve  being  truncated. 

Beginning  at  the  headwaters  and  passing  down  stream  we  do  not  find 
a  uniformly  progressive  increase  in  the  height  of  spines,  but  the  height 
increases  to  a  maximum  at  Clinchport  (Group  9),  then  drops  at  Kyle 
Ford  (Group  10)  and  rises  again  further  down  in  the  Clinch  (Group  11). 
In  connection  with  these  facts  one  must  remember  that  Group  10  is  from 
a  very  limited  locality  and  is  a  large  series,  while  Group  11  is  a  much 
smaller  group  and  widely  scattered. 

Width  between  Spines  (Plate  XII). — Group  8  here  is  also  isolated  dis- 
tinctly from  the  other  groups  and  shows  that  the  spines  in  the  headwaters 
are  closer  together  than  those  from  down  stream.  All  the  other  groups 
have  their  mode  at  9.5. 

Spine  Index  (Plate  XIII). — Group  8  here  shows  a  rather  feeble  degree 
of  individuality,  but,  like  Group  9,  shows  a  truncated  apex,  Group  9  being 
intermediate  between  Groups  10  and  11. 

AS  A  WHOLE. 

(Plates  XIV,  XV,  and  XVI.) 

Height  (Plate  XIV,  C). — Number  of  shells  1022.  Range  0.2  to  3.2 
mm.  Mode  at  0.2  with  377  for  the  smooth  shells  ;  at  1.7  with  210  for  the 
spiny  shells. 

Width  (Plate  XV,  C).— Number  of  shells  617.  Range  3.5  to  14.5  mm. 
Mode  at  9.5  with  169. 

Index  (Plate  XVI,  C). — Range  0.07  to  0.52.     Mode  0.22  with  226. 

POWELL  AND  CLINCH  COMPARED. 

Height  (Plates  VIII  and  XI).— The  headwater  shells  of  both  rivers, 
Group  I -(-2,  and  3  and  7,  8  show  a  much  closer  relation  to  each  other  than 
they  do  to  the  shells  from  further  down  stream  in  their  respective  rivers. 

Width  (Plates  IX  and  XII).— Here,  as  with  height,  the  headwater 
shells  show  some  isolation,  the  Clinch  shells  showing  this  to  a  greater 
degree,  the  mode  being  the  same  for  Groups  3  and  8  at  7.5.  All  of  the 
down-stream  shells  in  the  Clinch  center  at  9.5  while  in  the  Powell  at  7.5 
or  8.5.  Thus  there  is  less  distance  between  these  spines  in  the  Powell  and 
greater  variation . 

Index  (Plates  X  and  XIII). — The  Powell  River  up-stream  shells  show 
more  isolation  than  those  of  the  Clinch,   1+2,  and  8.    The  headwater 
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shells  of  the  Clinch  show  the  most  variation,  as  indicated  by  the  trun- 
cated maximum. 

AS  A  WHOLE. 

(Plates  XIV,  XV,  and  XVI.) 

With  regard  to  the  height  of  spines,  Plate  XIV  shows  that  there  are  but 
slight  differences.  With  regard  to  width  between  spines,  the  differences 
between  the  two  streams  are  more  marked,  the  Powell  (P)  being  the  more 
variable,  with  its  mode  at  8.5  and  the  Clinch  (C)  with  its  higher  mode  at 
9.5.  There  is  thus  a  less  distance  between  the  spines  in  the  Powell  as  a 
whole,  than  in  the  Clinch  as  a  whole.  In  this  respect  the  Powell  resem- 
bles the  headwater  shells  of  both  rivers  (Plates  IX  and  XII).  The  spine 
index  Plate  XVI,  shows  that  the  Powell  inclines  more  to  a  high  index 
and  is  more  variable,  its  mode  being  at  2.7  while  that  of  the  Clinch  is  at 
2.2. 

The  Powell  River,  as  a  whole,  being  a  rather  small  stream  and  thus,  to 
some  degree,  having  the  physical  conditions  of  a  headwater  stream, 
might  be  expected  to  have  shells  showing,  to  a  more  marked  degree  than 
the  Clinch,  those  characteristics  which  are  best  developed  in  headwater 
shells.  Three  of  the  most  marked  characters  of  the  headwater  shells,  as 
compared  with  those  from  down  stream,  are  ( i)  the  high  shell  index  ;  (2) 
the  short  or  obsolete  spines  ;  and,  (3)  the  short  distance  between  the 
spines.  Plate  V  shows  that  the  up-stream  shells  of  the  Clinch  tend  most 
towards  a  high  index,  yet  the  Clinch  is  the  larger  stream,  and  the  lower 
Powell  shells  tend  feebly  to  a  lower  index  than  the  Clinch.  But  when  we 
consider  the  two  streams  as  a  whole,  we  find  that  the  characteristics  of  the 
headwater  shells  are  better  developed  in  the  Powell  than  in  the  Clinch. 
This  is  shown  (i)  by  Plate  VI  (P),  where  the  higher  shell  index  of  the 
Powell  is  seen,  its  mode  being  at  75.5  while  that  of  the  Clinch  is  at  70.5  ; 
(2)  by  Plate  XIV  where  there  is  shown  a  slight  tendency  for  the 
Po\^ell  shells  to  favor  low  spines  ;  (3 )  by  Plate  XV  which  shows  the  width 
between  the  spines  to  be  less  for  the  Powell  than  for  the  Clinch,  the  mode 
for  the  Powell  being  at  8.5  and  for  the  Clinch  at  9.5.  These  differences, 
to  be  sure,  are  not  very  pronounced,  but  should  not  be  overlooked  in  this 
connection,  as  they  indicate  that,  on  the  whole,  the  shells  of  the  Powell 
River  possess  more  the  characters  of  headwater  shells  than  do  those  of 
the  Clinch  River. 

Summary  and  Conclusion. 

The  genus  lo  is  a  g^oup  of  exceptional  value  for  the  study  of  the  fac- 
tors of  evolution.  The  genus  has  a  very  limited  range;  being  confined 
largely  to  the  Tennessee  river  and  its  tributaries  above  Chattanooga,  and 
reaching  its  maximum  development  in  the  tributaries  of  the  upper  Ten- 
nessee. Thus  we  have  a  group  peculiar  to  this  region,  and  found  nowhere 
else  in  the  world. 

The  amount  of  variation  is  very  great,  and  clearly  correlated  with  geo- 
graphical distribution,  thus  affording  an  excellent  opportunity  for  the 
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study  of  geographical  isolation.  Another  very  important  fact  in  this  re- 
lation is  that  the  physiographic  history  of  the  region  has  been  given  care- 
ful study  ;  and  thus  stream-history  may  be  used  as  an  aid  in  determining 
the  present  distribution  of  some  of  the  varieties. 

SHBLL-INDBX. 

The  Powell  /^iver.— The  shells  from  the  headwaters  show  the  higher 
shell-index  and  the  less  variation  as  shown  by  the  greater  steepness  of 
the  curve.  (Plate  V,  Groups  i,  2,  3.)  Correspondingly  the  shells  from 
down  stream  in  the  Powell  show  the  lower  index,  and  the  greater  varia- 
tion (Plate  V,  Groups  4,  5,  6),  which  is  shown  by  the  flatness  of  the 
curve. 

The  Clinch  River. — ^The  headwater  shells  show  the  higher  index  and 
the  greater  amount  of  variation  ( Plate  V,  Groups  7,  8),  while  the  down- 
stream shells  show  the  less  variation  and  the  lower  index.  (Plate  V, 
Groups  9.  10,  II.) 

Powell  and  Clinch  Compared.  —The  curves  of  the  Clinch  river  shells 
show  a  greater  number  of  marked  peaks  (a  greater  number  of  centers  of 
stability  ?)  than  in  the  Powell.     (Plates  III,  IV,  and  VI.) 

With  regard  to  the  differences  between  headwater  and  down-stream 
shells,  Plate  V  shows  that  the  Powell  headwater  shells  incline  towards  a 
lower  index  and  are  less  variable  than  the  Clinch.  With  regard  to  the 
down-stream  shells,  the  Powell  still  inclines  toward  the  low  index,  but 
to  a  less  marked  degree  than  in  the  headwaters ;  but  it  is  decidedly  more 
variable  than  the  Clinch  shells. 

This  plate  brings  out  the  remarkable  fact  that  the  shells  from  the  head- 
waters of  the  different  streams  are  more  alike  in  respect  of  shell-index 
than  are  the  shells  from  the  head-  and  down-stream  parts  of  the  same 
stream. 

Anticipating  somewhat,  I  may  remark  that  there  is  some  evidence 
which  indicates  that  the  same  law  may  be  true  of  the  shells  of  the  North 
Fork  of  the  Holston  River,  and  this  is  a  point  which  is  worthy  of  investi- 
gation . 

By  taking  the  rivers  as  a  whole  (Plate  VI),  the  shells  of  the  Powell 
(P)  show  a  higher  shell-index  than  those  of  the  Clinch  (C),  and  shows 
the  dominance  of  the  Powell  shells  upon  the  curve  of  the  series  (P-f  C), 
their  modes  coinciding  at  75.5. 

Powell  River  being  a  rather  small  stream,  and  thus  to  some  degree  hav- 
ing the  physical  conditions  of  headwater  streams,  might  be  expected  to 
have  a  shell  resembling  those  found  in  the  headwaters.  Plate  V  shows 
that  the  up-stream  shells  have  a  high  index  (Groups  i,  2,  3,  and  7,  8)  ; 
and  that  the  Clinch  shells  incline  to  a  higher  index  than  the  Powell 
(Groups  4,  5,  and  6),  as  compared  with  Groups  9,  10,  11.  But  by  taking 
the  rivers  as  a  whole,  the  Powell  shells  show  a  stronger  likeness  toward 
those  found  in  the  headwaters,  than  those  of  the  Clinch. 

As  we  have  seen,  the  up-stream  shells  of  the   Powell  are  less  variable 
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than  those  of  the  Clinch,  while  the  down-stream  shells  of  the  Powell  are 
more  variable  than  those  of  the  Clinch.  It  is  remarkable  that,  in  spite 
of  the  difference  in  variability  of  the  up-stream  shells  and  of  the  down- 
stream shells  in  the  two  rivers,  their  maxima  should  coincide. 

SPINOSITY. 

Powell  River. 

Height  of  Spines. — The  most  prominent  fact  with  regard  to  spinosity 
is  that  the  shells  are  smooth  or  have  only  feeble  spines  in  the  head  waters, 
(Groups  I -f- 2,  3)  and  are  very  spiny  down  stream  (Groups  4,  5,  6). 
Group  4  is  intermediate  between  the  two  extremes. 

Width  between  Spines. — Groups  14-2  and  3  tend  to  have  a  less  distance 
between  spines,  showing  the  individuality  in  the  headwater  shells. 
Group  4  is  intermediate;  the  other  groups  have  their  maxima  or  modes  at 
8.5  mm. 

Spine-index. — This  shows  some  resemblance  to  the  height,  in  that 
Groups  I  -h  2,  and  3  are  isolated,  but  Group  5  is  intermediate,  4  being  less 
so. 

Clinch  River, 

Height. — The  shells  of  Group  7  are  smooth  ;  those  of  Group  8  both 
smooth  and  spiny.  These  groups  are  isolated  in  their  spinosity,  for  their 
modes  of  spine  height  are  near  zero,  while  the  modes  of  the  other  groups 
of  this  river  are  at  1.7,  2.2,  and  2.2  mm.,  respectively. 

IVidth. — Group  8  here  also  stands  isolated  with  regard  to  spine  width, 
with  its  mode  at  7.5  mm.     All  the  other  groups  reach  a  mode  at  9.5  mm. 

Index. — As  in  the  case  of  width,  the  index  of  Group  8  is  much  lower 
than  that  of  Group  9,  10,  or  11. 

Powell  and  Clinch  Compared  by  Lots. 

Height. — The  modes  of  the  smooth  or  feebly  spinose  shells  of  the  two 
streams  stand  isolated ;  Groups  1  +  2,  3  of  Powell  and  7,  8  of  Clinch.  In 
the  Powell,  Group  4  is  a  transition  group  as  might  be  expected,  while  in 
the  Clinch,  Group  10  is  intermediate,  although  much  further  down  stream 
than  Group  9,  which  we  might  expect  to  be  an  intermediate  group. 

The  down-stream  shells  reach  their  maxima  at  1.2  and  1.7  mm.,  in  the 
Powell,  but  in  the  Clinch  at  1.7,  2.2,  and  2.7  mm.,  thus  showing  a  ten- 
dency toward  higher  spines  in  the  Clinch  and  more  variation. 

Width. — The  down-stream  shells  in  both  rivers  show  a  greater  width 
between  the  spines.  The  shells  belonging  to  Groups  3  and  8,  have  the 
same  maxima,  at  7.5  mm. ,  the  headwater  shells  being  smooth  or  with 
a  short  distance  between  spines.  With  regard  to  the  down-stream  groups 
the  Powell  shells  are  more  variable  and  have  less  distance  between  the 
spines  (7.5  and  8.5  mm.),  than  those  of  the  Clinch,  which  latter  center  at 
9.5  mm. 

Index. — The  up-stream  Powell  shells  show  more  isolation  from  the 
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other  groups  than  do  the  up-stream  Clinch  shells,  but  the  Clinch  shells 
are  more  variable  as  shown  by  the  truncated  maximum.  The  other 
groups  of  both  streams  have  their  modes  at  about  2.2  or  2.7  mm. 

Both  Rivers,  Up  and  Down  Stream,— Th.^  most  striking  difference 
which  one  first  notices  in  looking  over  a  large  series  of  this  genus,  is  the 
differences  in  the  degree  of  spinosity.  These  same  differences  were  deeply 
impressed  upon  me  while  in  the  field,  as  I  noticed  the  changes  in  this 
character  in  following  down  the  Clinch  and  up  the  Powell. 

As  is  clearly  shown  by  the  curves,  the  up-stream  shells  of  both  streams 
with  regard  to  height,  width,  and  index  of  spines,  show  a  remarkable  de- 
gree of  individuality.  Groups  i  -•-  2,  3  and  7,  8  always  show  some  isola- 
tion from  the  other  groups  and  incline  towards  zero. 

Powell  and  Clinch  Taken  as  a  Whole. — There  is  but  little  difference  be- 
tween the  curves  of  the  two  rivers,  for  each  varies  in  the  same  general 
way,  in  the  different  parts  of  the  stream.  This  is  also  true  with  regard 
to  the  width  between  spines  and  spine-index. 

Correlation  between  Shell-index,  Spinosity ,  and  Geographical  Distri- 
bution.—Vrom  what  has  already  been  said  about  the  headwater  and 
down-stream  shells,  when  discussing  the  various  groups  and  the  two  rivers, 
one  can  easily  see  that  there  are  a  number  of  very  evident  correlations 
which  may  be  summarized  as  follows  : 

Poivell  River.— \.     The  shells  which  have  a  high  index  and  are  rela- 
tively stable,  have  no  or  low  spines  ;  distance  between  spines  small  and  but ' 
slightly  variable,  spine-index  low  and  stable.    These  occur  in  the    head 
waters.     (Groups  i,  2,  3.) 

2.  Shells  which  have  a  low  index  and  are  relatively  variable  ;  spines 
high  and  fairly  stable;  distance  between  spines  wide  and  variable;  spine- 
index  high  and  variable.     These  occur  down  stream.     (Groups  4,  5,  6.) 

Clinch  River. — 3.  Shells  which  have  a  high  index  and  are  relatively 
variable  ;  have  no  or  low  spines ;  distance  between  spines  small  and 
slightly  variable  ;  spine-index  low  and  variable ;  occurring  in  the  head 
waters.     (Groups  7,  8.) 

4.  Shells  which  have  a  low  index  and  are  relatively  stable  ;  spines  are 
high  and  variable  ;  distance  between  spines  wide  and  stable  ;  spine-index 
high  and  variable  ;  occurring  down  stream.     (Groups  9,  10,  ii.) 

A  series  of  photographs  have  been  made  showing  samples  of  each 
group  of  shells  from  both  rivers.  These  have  been  arranged  in  a  pro- 
gressive series  reaching  from  the  head  waters  down  stream. 

By  examining  these  \n  pairs  some  very  interesting  relations  become  ap- 
parent.     The  most  spinose  shells  are  at  the  top  of  the  plates. 

Powell  River  Clinch  River. 

Group  2.  Group  7. 

Plate  XVIII.  Plate  XXIII. 

These  shells  are  seen  to  be  practically  smooth,  with  but  slight  traces  oJ 
spines. 
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Group  3.  Group  8. 

Plate  XIX.  Plate  XXIV. 

In  these  groups  a  large  number  of  shells  are  smooth,  or  only  feebly  spi- 
nose,  yet  the  most  spiny  shells  of  the  Powell  are  not  as  spiny  as  the  cor- 
responding shells  of  the  Clinch. 

Group  4.  Group  9. 

Plate  XXII.  Plate  XXV. 

In  both  of  these  groups  the  spines  are  much  better  developed  than  in 
the  groups  just  considered,  there  being  more  smooth  shells  in  the  Powell 
series  than  in  the  Clinch,  which  is  a  very  spiny  series. 
Group  5.  Group  10. 

Plate  XXI.  Plate  XXVI. 

The  Powell  has  but  few  smooth  shells,  and  none  of  the  Clinch  shells  on 
the  plate  are  smooth. 

Powell  River.  Clinch  River. 

Group  6.  Group  11. 

Plate  XXII.  Plate  XXVII. 

These  shells  being  the  farthest  down  stream,  clearly  show  that  the  en- 
tire aspect  of  the  shell  population  has  absolutely  changed  from  a  smooth 
to  a  very  strongly  spinose  shell  in  both  rivers.  The  smooth  shells  have 
rapidly  dropped  out,  being  replaced  by  spinose  shells. 

Plate  I. 
This  plate  is  a  recapitulation  of  the  two  streams,  the  upper  two  rows 
of  shells  being  from  the  Clinch  and  showing  all  stages  from  a  smooth  to 
a  very  spinose  shell.  The  lower  two  rows  of  shells  are  from  the  Powell, 
and  show  a  similar  series  from  one  extreme  to  the  other,  the  smooth 
shells  being  lo  fluvialis  Say^  and  the  spiny  extreme  being  lo  Spinosa  Lea, 
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Explanation  of  Plates. 
In  all  the  curves  the  classes  or  groups  of  individuals  having  the  same 
dimensions  in  millimeters  or  per  cents  are  indicated  on  the  horizontal 
line  (the  axis  of  abscissas),  and  the  number  of  individuals  in  these  classes 
(the  frequencies),  are  indicated  on  the  vertical  lines  or  ordinates.    The 
height  of  spines  and  the  width  between  the  spines  are  given  in  milli- 
meters, and  the  shell  index  and  spine  index  are  given  in  per  cents.     In 
the  case  of  the  shell  index  loo  per  cent,  indicates  that  the  width  of  the 
shell  and  the  length  of  the  aperture  are  equal.     In  the  case  of  the  spine 
index  loo  per  cent,  indicates  that  the  height  of  spines  and  the  distance 
between  them  are  equal. 
Plate  I. — A  series  of  shells  showing  the  extremes  of  variation  with  re- 
gard to  spinosity  from  the  Clinch  and  Powell  Rivers. 
The  two  upper  rows  of  shells  forai  a  series  showing  all 
stages  from  lo  fluvialis  Say  to  lo  spinosa  Lea^  from 
Clinch  River.     The  two  low^er  rows  are  from  the  Powell 
River. 
Plate  II. — Map  showing  the  geographical  distribution  of  the  genus  lo. 
P  —  Powell  River.     F.  B.  =  French  Broad  River.  K  = 
Knoxville,  Tenn.  C.  =  Chattanooga,  Tenn.  A.  =  Ashe- 
ville,  N.  C. 
Plate  III. — Curve  of  shell  index,  by  groups,  of  the  Powell  River. 
Plate  IV. — Shell  index,  by  groups,  of  the  Clinch  River. 
Plate  V. — Shell  index,  up  and  down  stream,  Powell  and  Clinch  Rivers. 
Headwater  groups  i  r  2  and  3  of  Powell,  and  7  and  8  of 
Clinch.     Down-stream  groups  4,  5,  and  6  of  Powell,  and 
9,  10,  and  II  from  Clinch  River. 
Plate  VI. — Shell  index,  Powell  and  Clinch,  taken  as  a  whole. 
Plate  F//.— Shell  index  ;  qualitative  determination,  for  both  rivers. 
Plate  VIII.— Height  of  spines,  by  groups  ;  Powell  River. 
Plate  IX. — Width  between  spines,  by  groups  ;  Powell  River. 
Plate  X. — Spine  index,  by  groups ;  Powell  River. 
Plate  XI. — Height  of  spines,  by  groups  ;  Clinch  River. 
Plate  XII. — Width  between  spines,  by  groups  ;  Clinch  River. 
Plate  XIII. — Spine  index,  by  groups  ;  Clinch  River. 
Plate  XIV. — Height  of  spines  ;  Powell  and  Clinch,  each  taken  as  a 
whole. 
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Plate  A^F.— Width  between  spines  ;  Powell  and  Clinch,  each  taken  as 
a  whole.  P  =  Powell.  C  ^  Clinch.  P  +  C  =  Powell 
and  Clinch  combined. 

Plate  A' F/.— Spine  index  ;  Powell  and  Clinch,  each  taken  as  a  whole. 

Plate  XVII. — Qualitative  determinations  of  spinosity  ;  Powell  and 
Clinch  Rivers. 

Plate  XFIII— Group  2,  Powell  River.     Dryden,  Va. 

Plate  AYX— Group  3,  Lytton»s  Mill,  Powell  River,  Va. 

Plate  XX. — Group  4,  Powell  River,  vicinity  of  Cumberland  Gap. 

Plate  ATAY.— Group  5,  Powell  River,  Green's  Ford,  Tenn. 

Plate  XXII. — Group  6,  near  mouth  of  Powell  River. 

Plate  A"A7//.— Group  7,  Clinch  River,  Cleveland,  Va. 

Plate  XXIV.—Gro\xp  8,  Clinch  River,  St.  Paul,  to  Fort  Blackmore,  Va. 

Plate  A"A"F.— Group  9,  Clinch  River,  Clinchport,  Va.    . 

Plate  XXVI.— Growp  10,  Clinch  River,  Kyle  Ford,  Tenn. 

Plate  A"A"F//.— Group  11,  Clinch  River,  Kyle  Ford  to  Offet,  Tenn. 


Variation  and  Correi*ation  in  the  Tibiai.  Spines  of  Melano- 
PLUS.  By  C.  B.  Davenport,  University  of  Chicago. 
This  paper,  embracing  work  done  in  connection  with  Miss  Ara  H.  Hub- 
bard gives  the  constants  and  their  probable  errors  of  the  distributions  of 
frequencies  of  the  spines  of  the  inner  and  outer  rows  of  spines  on  the 
right  and  left  hind  tibiae  of  Melanoplus  femur-rubrum  from  Newport, 
Rhode  Island.  The  correlations  of  the  number  of  spines  in  the  various 
rows  was  determined  quantitatively  and  the  interesting  result  obtained 
that  there  is  a  greater  correlation  between  rows  symmetrically  placed 
with  reference  to  the  plane  of  symmetry  of  the  whole  animal  than  there 
is  between  rows  so  placed  with  the  reference  to  the  plane  of  symmetry  of 
the  single  leg.  Finally  the  range  of  individual  variation  is  greater  than 
the  range  of  variation  of  the  modes  of  various  species  of  the  genus  Mel- 
anoplus ;  consequently  in  the  individual  variation  of  the  one  species 
there  is  provided  material  for  the  various  typical  numbers  of  spines  found 
in  all  species  of  the  genus. 


On  tHE  Origin  and  Distribution  of  Leptinotarsa  decem-wneata 
Say,  and  the  Part  that  Some  of  the  Cwmatic  Factors  Have 
Pi,AYED  IN  ITS  Dissemination.    By  W.  L.  Tower. 
The  Colorado  potato  beetle  Leptinotarsa  decem-lineata  Say,  is  one  of 

several  closely  allied  forms  that  have  spread  over  North  America  until 

one  or  more  of  them  is  found  in  almost  every  part  of  the  continent  east 

of  the  Rocky  Mountains,  and  south  of  50®  north. 
15 
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The  parent  form,  L.  undecem-lineata,  seems  to  have  originated  in  the 
northern  part  of  South  America.  When  the  northward  migration  came, 
— following  the  retreat  of  the  continental  glaciar, — ^it  is  probable  that 
this  fonn  also  went  north,  and  in  its  journey  encountered  the  diversified 
Mexican  region,  where  it  split  into  several  racial  varieties,  each  charac- 
teristic of  a  certain  climatic  area.  As  the  advancing  hoards  spread  north- 
ward, three  well  marked  climatic  belts  vrere  encountered,  the  Pacific 
Coast  l)elt  of  Mexico,  the  Mexican  table  land,  and  the  low  Gulf  Coast 
area. 

From  the  Pacific  Coast  strip  not  much  evidence  is  obtainable  as  to  the 
presence  of  these  beetles,  or  the  changes  produced  upon  them.  On  the 
table  land,  however,  the  size  was  diminished  and  the  pigmented  areas 
were  broken  up  into  sp>ots.  This  form  which  is  called  L.  multi- 
lineata  grades  into  L.  undecem-lineata  on  the  sonth,  and  in  the 
northern  puirt  of  the  Mexican  plateau  passes  imperceptibly  into  L.  decem- 
lineata.  the  latter  form  extending  northward  along  the  eastern  slope  of 
the  western  highlands,  west  of  the  arid  region,  spread  as  far  north  as  the 
Canadian  boundari-.  and  perhaps  e\-en  farther. 

The  low  humid  Gulf  Coast  area  also  produced  a  chaiacteristic  form,  L. 
junota  which  can  be  traced  into  the  parent  form  in  the  lower  part  of  the 
Mexican  region,  and  which  spread  up  the  Mississippi  valley  to  southern 
Illinois,  along  the  Gulf,  up  the  Atlantic  Coast  to  Maryland. 

Such  >%-as  the  distribution  of  these  beetles  until  aboat  the  middle  of  the 
nineteenth  centur>\  About  x5\4o  ihe  pouto  began  to  be  cfiltivated  in  the 
canons  of  Colorado,  and  L.  deo^m-Iineata  soon  left  its  old  food  plant, 
Solanuni  rc^tratum.  for  the  new.  S.  lubeiosum.  causing,  no  doabt,  an 
inorea5«f  in  the  nuniVrs.  In  IM>>- 50  began  the  msh  to  California  from 
Council  Bluffs  we:*.:  along  the  Platte  River.  There  are  sereial  accoonts 
extant  of  the  sale  of  ^v^tatoes  to  emigrants  by  thrifty  Irishmen  at  Omaha 
and  Couaci'.  Bluffs,  and  ;udgin^  frosi  the  haste  aad  carelessness  of  the 
er:::»:rar.t5  there  oar.  V  r.o  doubt  that  potatoes  were  lost  or  thrown  away 
alonsc  t-e  rv^ute.  The  valley  being  fairly  ferdle  iad  motst.  tbese  potatoes 
gre\^  uutil  there  was  a  ruore  or  less  ooutic:u<*ss  Jioe  ot  potato  patches 
•Tv^r::  Council  BIus*  alon^  the  Platte  River  to  the  cjlz&ocss  oc  the  Coiocado 
rector.  Alouj;  this  route  I..  decem-Iineata  raovevi  «idC«ani  so  that  in 
:S5c.  :eu  year?  after  the  4':  rush  to  Cal::octii».  the  Seetle  »  reported  as 
ir.;uri-.  us  to  cr.^tns  at  a  tviu:  ;ust  east  oc  the  ar>i  Neit  .uid  aboat  00  the 
*«>vh  rv-er.vltau  l^unr^  th^  next  f^fenty  Ye*r?  it  nnchied  Che  Atiantic 
C.^dLst  aiv.i  o."vere».i  the  entire  vvuntry  SfC'ween  lasraies  57  .irad  47  north. 

Connects:'.!  >*::>.  tl:e  iAvanoe  .-:  ti:s  fom;  tbece  are  serenl  fentmesof 
i^n^fral  :n:;rrvst  T>.t»  "S^^t'.i  is  i,*w>l'e->r,xxi<»i  over  the  wiaoie  area,  but 
'.:  s  :':^tf  s«rvv-  i  >r,xxi  :lii:  nxs  =:.>c.  an-i  o,^c:5e»^uiintcly.  hife»  pissbed  into 
t*r.<  Iv.th'irt,^  un.vcuy:<«.i  i^mt.^r:/  ex ,*'*-•.->;?  tbe  aew  jreii»  covexed  hare 
not  S?e"  ,^-.:;rr-n  >;  t'^i-e  unA:'.:e»i  n>-i.n^  .*c  the  Sfetles  eiaiemfcrd.  If  no 
,*u:>ii;f  a^t?::  ^^srt:  a:  '*vci  tlie  beetles  -w.-clc  iy  we^  ai^  ocbat  as  east,  so 
:ha:  alo;::e  no  ^rsfit  i.lvanv^;  ^',*cM  >e  n^Die.  It  » ^  ^  ai^Oeii thaft the 
'>wil^  -.s  net  a  scr.cj-  n>er  tiat  it  u^una.Ket^.'^ad^aacenscceMiiS^ilpunst 
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the  wind,  and  that  the  direction  of  its  flight  is  therefore  controlled  largely 
by  the  wind.  In  August  and  September  there  are  established  certain 
well-defined  wind  tracts,  and  it  is  along  these  that  the  beetle  has  advanced 
with  the  greatest  rapidity.  The  most  rapid  advance  has  been  in  the 
track  of  the  prevailing  westerlies  along  the  lakes  and  down  the  St.  Law- 
rence valley.  The  extremely  slow  advance  southward  is  due  in  part  to 
the  temperature  and  moisture,  but  largely  to  the  wind  direction  of 
the  southern  part  of  the  United  States  in  late  summer. 

The  advance  of  this  form  east  of  the  arid  belt  has  been  independ- 
ent of  lines  of  travel,  there  being  little  evidence  of  any  considerable 
transportation  by  human  agencies. 

At  the  present  time  the  beetle  is  found  throughout  all  that  portion  of 
North  America  which  lies  east  of  the  Rocky  Mountains  and  between  lati- 
tudes 32  and  55  north.  It  has  been  found  as  far  north  as  65,  but  to  my 
knowledge  has  not  gained  a  foothold  in  Labrador  or  Newfoundland. 

It  is  interesting  to  note  that  as  L.  decem-lineata  has  advanced  L.  juncta 
has  retreated  before  it.  Formerly  L.  juncta  was  abundant  in  southern  Illi- 
nois, and  in  Delaware,  Maryland,  and  New  Jersey,  but  now  it  has  re- 
treated to  the  Carolinas  on  the  Atlantic  coast  and  apparently  from  south- 
em  Illinois. 

In  a  relatively  short  time  this  insect  has  overspread  a  large  area  and 
has  encountered  various  climatic  conditions  and  the  question  at  once 
arises  as  to  whether  these  conditions  have  yet  produced  any  apprecia- 
ble effects.  If,  using  the  Colorado  specimens  as  a  type,  we  compare  these 
quantitatively  with  specimens  from  other  parts  of  the  United  States,  the 
presence  of  several  modifications  are  shown.  These  are  closely  corre- 
lated with  the  climatic  conditions  of  the  several  areas  for  the  months  of 
June,  July,  and  August.  In  the  northwest  is  found  the  well-marked  "Da- 
kota type  "  which  has  spread  over  the  Dakotas,  Manitoba,  and  parts  of 
Wisconsin  and  Nebraska.  In  the  southwest  is  the  "Texas  type,"  found 
in  northwest  Texas,  Arkansas,  Kansas,  and  New  Mexico.  In  the 
region  about  the  great  lakes  there  is  the  "  Lake  type,"  and  in  the  north- 
east is  found  the  "  New  England  type,"  which  covers  New  England  and 
Nova  Scotia,  while  in  the  southeast  there  are  the  "  Atlantic  Coast  type  " 
and  the  "  Southern  Appalachian  type." 

These  types  are  not  as  yet  far  removed  from  one  another  nor  are  they 
easily  seen  on  inspection.  However,  measurements  show  changes  in 
dimensions  and  in  coloration  in  the  several  areas,  so  that  there  can  be  no 
doubt  that  there  are  slowly  forming  several  races  of  the  beetle  in  differ- 
ent parts  of  the  United  States  and  Canada  as  a  direct  result  of  the  diver, 
sity  of  environment. 
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A  New  Eyki,ess  Isopod  Crustacean  from  Mexico.  By  A.  S.  Pack- 
ard, Brown  University. 

Some  years  ago  I  received  through  the  kindness  of  Prof.  A.  L.  Herrera, 
of  the  City  of  Mexico,  an  isopod  crustacean  taken  from  a  well  at  Mon- 
terey, Mexico.  It  appears  to  be  a  true  Conilera,  and  may  be  named 
Conilera  stygia. 

It  is  totally  eyeless,  and  adds  another  to  the  blind  fauna  of  our  caves 
and  wells.  Hitherto  the  genus  has  been  represented  by  but  a  single 
species,  inhabiting  the  British  coast.  Compared  with  Bates  and  West- 
wood's  figure  of  C.  cylindracea,  the  body  is  longer,  the  antennae  much 
longer,  reaching  to  the  middle  of  the  first  thoracic  segment,  those  of  the 
second  pair  nearly  to  the  middle  of  the  seventh  thoracic  segment.  Only 
the  first  three  pairs  of  legs  are  short,  with  a  very  thick  hand ;  the  four 
hinder  pairs  of  legs  are  long,  slender.  The  two  last  divisions  of  the 
pleopoda  are  unequal,  the  outer  division  very  narrow,  but  a  little  more 
than  half  as  long  as  the  broad  inner  division  or  endopodite.  Length  of 
body  25  mm.;  breadth  5  mm. 

This  form  is  like  most,  if  not,  all  other  blind  or  eyeless  arthropods  in 
having  a  longer  body,  antennae,  and  legs  in  compensation  for  the  loss 
of  eyes. 


A  Contribution  to  the  Fauna  of  the  Caves  of  Texas.    By  C.  H. 
EiGENMANN,  Indiana  University. 

In  the  early  part  of  September,  1899,  I  visited  San  Marcos,  Texas,  to 
secure,  if  possible,  some  living  specimens  of  the  cave  Salamander  occa- 
sionally thro^Ti  out  of  the  artesian  well  of  the  U.  S.  Fish  Commission. 
This  well  taps  an  underground  stream  about  190  feet  from  the  surface. 
No  specimens  of  the  Salamander,  Typhlomolge  came  to  the  surface  dur- 
ing my  stay,  but  I  received  two  living  specimens  from  Supt.  J.  L.  Leary. 

Besides  the  Salamander,  three  species  of  Crustaceans  had  been  secured 
from  this  well.  These  were  described  preliminarily  by  Mr.  Benedict, 
Proc.  U.  S.  Nat.  Mus.,  Vol.  XVIII.  One  of  these,  Palaemonetes  antro- 
rum,  is  very  abundant  and  many  are  thrown  out  from  the  well  each  day. 
The  eyes  of  this  species  are  degenerate  far  beyond  those  of  the  blind 
Canibarus  pelucidus  of  the  Mississippi  valley  caves.  They  will  be  de- 
scribed elsewhere.  The  second  one,  Ciralonides  texanus,  is  not  nearly  so 
abundant  as  the  first.  It  can  readily  be  seen  in  the  receiving  basin  of  the 
well  when  thrown  out.  During  my  stay  of  three  days  I  secured  aeyeral 
specimens. 

The  third  Crangonyx  fiagellatus  is  much  rarer  and  no  specimen  was 
secured  during  my  stay.  Instead,  however,  a  single  specimen  of  a  re- 
lated Crangonyx  (bowersii)  species  was  secured. 

These  are  all  the  species  that  can  readily  be  seen  with  the  naked  eye, 
when  swimming  about  the  receiving  basin.      A  screen  of  bolting-doth 
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(No.  2)  placed  over  the  outlet  for  a  short  time  secured  a  number  of  addi- 
tional species,  viz. ,  the  front  half  of  a  new  species  of  Caecidotea.  two  new 
species  of  Copepoda,  a  Cypridopsis  and  a  Crustacean  which  defied  identifi- 
cation and  was  later  lost,  as  well  as  a  flat  worm.  The  evidence  from  the 
screening  is  that  there  is  yet  a  rich  subterranean  fauna  to  be  obtained 
from  this  well. 

There  is  near  tlie  well  a  spring  arising  evidently  from  the  same  source 
by  the  side  of  which  the  well  is  insignificant  in  its  yield  of  water.  No 
blind  creatures  have  been  recorded  from  this  spring,  and  the  difficulty  in 
straining  its  output  is  much  greater  than  that  of  straining  the  well. 
Through  the  liberal  policy  of  the  Hon.  G.  M.  Bowers  and  Dr.  Hugh  M. 
Smith  a  plankton  net  is  now  in  use  at  the  San  Marcos  well  and  we  may 
expect  other  additions  to  the  fauna  of  the  well  and  the  underground 
stream  it  taps. 

Near  San  Marcos  are  two  small  caves.  Ezell's  cave  was  formerly  open 
to  the  public  and  provided  with  steps  and  other  facilities  for  entrance. 
The  opening  leads  into  a  pit  about  forty  feet  deep  with  one  side,  that 
nearest  the  entrance,  quite  perpendicular,  but  with  some  projecting  rocks. 
At  the  bottom  of  this  pit,  and  at  the  side  furthest  from  the  entrance  a 
smaller  opening  led  downward  to  the  water  which  was  in  all  said  to  be 
about  100  feet  from  the  entrance.  The  Texas  variety  of  small  boy  has 
found  amusement  in  rolling  rocks  down  the  entrance  thus  smashing  the 
steps  and  closing  the  former  opening  at  the  bottom  of  the  first  series  of 
steps.  It  was  necessary  to  take  a  side  branch  to  reach  the  water.  This 
side  branch  for  sufficient  reasons  I  did  not  take  to  its  end,  although  my 
assistants  managed  to  get  through  to  the  water  without,  however,  secur- 
ing any  specimens.  1  was  amply  rewarded  by  not  entering  the  deeper  re- 
cesses by  finding  in  the  twilight  of  the  entrance  pit  an  abundant  cave  fauna. 

Not  far  from  this  cave  is  Beaver  cave.  This  is  a  winding  twisting  chan- 
nel of  no  great  height  or  width.  All  the  available  time  was  devoted  to 
securing  specimens  and  the  cave  was  not  followed  to  the  end.  There  is 
no  water  except  in  a  pit  dug  in  the  cave. 

Animals,  though  few  in  species,  were  surprisingly  numerous  in  indi- 
viduals in  both  these  caves.     The  following  specimens  were  secured  : 

1.  A  fiat  worm,  sp.     Artesian  well. 

Mollusca. 

2.  Helicina  orbiculata,  Say. 

3.  Vitrea  petrophila.  Bland,  pale  var. 

4.  Bifidaria  contracta.  Say. 

5.  Helicodiscus  Eigenmanni,  Pilsbry,  n.sp. 

Crustacea, 

6.  Cypridopsis  vidua  obesa,  Brady  and  Robertson. 

7.  Cyclops  cavern  arum,  n.  sp. 

8.  Cyclops  learii,  n.  sp. 

9.  Csecidotiea  Smithii,  n.  sp. 
10.  Ciralonides  texensis,  Benedict. 


EzelPs  cave,  Beaver  cave. 


-  Artesian  well. 


i 


230  SECTION   F. 

11.  Brackenridgia  cavernarum,  n.  genus  and  sp.     Ezell's  cave,  Beaver 

cave. 

12.  Crangonyx  Bowersii.  n.  sp.  |  ^^esian  well. 

13.  Palaemonetes  antrorum,  Benedict,    f 

14.  Larval  Crustacean,  unidentified. 

Myriopoda, 

15.  Sp.?    Ezell's  cave,  Beaver  cave. 

Arachnida, 

16.  Theridium   Eigenmanni,  Banks,  n.  sp.     Ezell's  cave,  Beaver  cave. 

Thysanura, 
Dege«ria  cavemarura.  Packard.  1  g^jj,^  ^^^^  .^^  ^^^ 

Nicoletia  texensis,  n.  sp.  f 

Orthoptera. 
Ceutophilus  palmeri,  Scudder.     Ezell's  cave,  Beaver  cave. 

Diptera, 
Larval  Chironomus.     Artesian  well. 

Vertebraia, 
Typhlomolge  rathbuni,  Stejneger.     Artesian  well. 


Convergent    Evolution  as    Illustrated  by  the  Bund  Lizard 
Rhineura.     By  C.  H.  Eigenmann,  Indiana  University. 
Living  specimens  of  the  blind  Lizard  Rhineura  show  a  great  similarity 
in  color,  shape,  and  method  of  progression  to  an  earthworm  which  they 
also  resemble  in  habits. 


The  Development  of  the  Eyes  in  the  Blind  Fish,  Amblyopsis.  By 
C.  H.  Eigenmann,  Indiana  University. 
The  eye  is  perfectly  normally  outlined.  A  lens  is  normally  developed, 
but  never  becomes  located  within  the  iris.  It  degenerates  early,  disap> 
pearing  before  the  fish  exceeds  lo  mm.  in  length.  The  optic  nerve  is 
normally  developed  and  retains  its  connection  with  the  eye  and  brain 
till  maturity.  It  gradually  becomes  attenuated  and  in  the  old  a  connec- 
tion between  the  eye  and  brain  cannot  be  traced.  The  vitreous  body 
does  not  become  developed  to  any  extent.  The  secondary  optic  cup  at 
all  times  remains  a  shallow  depression.  An  outer  reticular  layer  docs 
not  develop  and  cones  are  uncertain  in  their  development. 
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The  Eye  of  the  Cave  Sai^amander  Typhlotriton.  By  C.  H.  Eigen- 
MANN,  Indiana  University. 
The  eyelids  are  closing  over  the  eye.     The  eye  is  normally  developed. 
The  retina  is  normal  in  the  young,  but  with  the  metamorphosis  or  shortly 
thereafter  the  rods  and  cones  disappear. 


Some  of  the  Internal  Changes  which  Accompany  Ecdysis  in  In- 
sects.   By  W.  L.  Tower. 

The  most  important  of  the  changes  which  precede  ecdysis  in  insects  is 
the  development  of  the  exuvial  glands.  These  are  unicellular  hypoder- 
raal  glands,  usually  pear-shaped,  with  the  smaller  end  prolonged  into  a 
tube  which  opens  through  a  pore  beneath  the  cuticula.  Some  time  be- 
fore ecdysis  these  glands  begin  to  grow  larger  and  the  nuclei  have  well- 
developed  membranes  with  clearly  defined  chromatin  skeins.  In  the  few 
days  immediately  preceding  ecdysis  the  glands  enlarge  rapidly,  owing  to 
the  secretion  of  an  albuminous  fluid  within  the  cells,  and  the  nuclei  be- 
come amoeboid,  sometimes  branching  in  fine  dendritic  processes  among 
the  globules  of  the  exuvial  fluid.  The  time  for  ecdysis  having  arrived, 
the  glands  pour  out  their  contents  until  there  is  a  thin  layer  of  the 
exuvial  fluid  separating  the  old  cuticula  from  the  hypodermis.  The 
hypodermis  now  rapidly  secretes  a  new  layer  of  cuticula,  and  thus  the 
whole  animal  is  covered  with  this  fluid,  which  enables  it  to  crawl  out  of 
its  old  shell  with  ease. 

These  exuvial  glands  occur  on  all  parts  of  the  body,  but  are  most  nu- 
merous on  the  pronotum.  After  ecdysis  they  become  small  and  rounded, 
with  densely  staining  nuclei.  The  point  of  interest  now  is  the  secretion 
of  the  secondary  layer  of  the  cuticula,  which  forms  the  real  strength  of 
the  insect's  skeleton.  During  ecdysis  and  for  a  short  time  thereafter  the 
only  cuticula  is  an  extremely  thin  layer  which  is  easily  bent  or  torn,  but 
in  about  thirty  minutes  the  deposition  of  the  secondary  layer  begins  and 
continues  until  near  the  middle  of  the  instar.  This  layer  is  often  ten 
times  the  thickness  of  the  primary  cuticula,  and  seems  to  be  like  a  cellu- 
lose Is^er,  giving  in  some  cases  a  **  cellulose  test.** 


Sugar  and  Muscle  Fatigue.  By  Frederic  S.  Lee,  Columbia  Uni- 
versity, New  York. 
The  origin  of  muscular  energy,  whether  from  nitrogenous  or  non-nitrog- 
enous substance,  has  been  disputed.  There  has  likewise  been  much 
discussion  over  the  respective  parts  played  by  the  two  recognized  causes 
of  muscular  fatigue,  namely,  the  destruction  of  substance  necessary  for 
contraction  and  the  poisoning  of  the  muscle  by  so-called  fatigue  products. 
Recent  experimental  evidence  both  for  and  against  the  idea  that  sugar  is 
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an  important  source  of  bodily  energy  has  been  broogfat  forward  by  odiers. 
The  author,  together  with  Mr.  C.  C.  Harrold,  has  studied  the  problem  by 
experiments  on  cats  which  had  been  put  under  the  influencse  of  the  pecu- 
liar drug,  phlorhizin.  It  is  known  that  this  drug  removes  the  carbohy- 
drates from  the  body.  Fasting  animals  were  put  under  the  inflomce  of 
the  drug,  were  then  killed,  and  the  contractile  power  of  the  muscles, 
which  continues  for  several  hours  after  death,  was  then  tested.  The 
muscles  of  well  phlorhizinized  animals  were  found  to  have  a  cootractile 
power  much  less  than  normal  and  in  this  respect  resemble  muscles  in  a 
pronounced  state  of  fatigue.  That  this  result  is  due  to  the  removal  of 
carbohydrate  from  the  muscles  rather  than  to  a  mysterious  specific  action 
of  the  drug  on  the  muscle  protoplasm  is  rendered  probable  by  the  fact 
that  if  dextrose  be  given  to  an  animal  that  is  well  under  the  influence  of 
phlorhizin,  the  fatiguing  effect  of  the  drug  is  counteracted  and  the  con- 
tractile power  of  the  muscles  is  restored.  It  seems  to  be  a  legitimate  om- 
dusion  that  normally  sugar  is  a  source  of  muscle  energy  and  the  destruc- 
tion of  it  a  cause  of  muscle  fatigue. 

The  supposed  connection  between  the  oncoming  €3i  rigor  mortis  and  the 
loss  of  carbohydrate  is  confirmed  by  these  experiments.  A  well  phlo- 
rhizinized animal  may  begin  to  go  into  rigor  within  five  minutes  after 
death,  and  the  ng:or  is  complete  within  half  an  hour. 


Ox  THE  Biology  of  Axophhlbs  Qi-adrimactlatts.    By  L.  O.  How- 
ard, Washington.  D.  C. 
This  paper  has  been  published  in  full  in  Bnlletin  No.  25,  New  Scries, 
Division  of  Entomolog>-,  U.  S.  Department  of  Agriculture. 


A  Contribution  to  the  Sttdy  of  the  Insbct  Fauna  of  Human 
Excreta.  By  L.  O.  Howard,  Washington.  D.  C 
In  this  paper,  which  will  be  published  elsewhere,  the  ^xaker  an- 
nounced the  prvigie^  of  an  investigatkn.  already  of  more  than  a  year's 
duration,  upon  the  insects  which  breed  in  or  are  attracted  to  human  ex- 
crement, the  object  of  the  investigation  being  to  enable  Afiwifi^  state- 
ments in  re^:az\l  to  the  possible  tnnsference  tnr  insects  of  sadi  ^iammwr^ 
i>i  the  intestinal  tract  as  t>-phoid  fe\^?r  And  choSera. 


The  STRi*oTrRB  ok  tkk  IVison  Guvnds  of  ScinT,mwDOBS  Gvkdcus. 
By  Hix;h  Daniel  Rkkd,  CoraeU  raiveratr. 
The  cv&son  gUnd  w:is  5ap;^(Xl^d  to  be  in  axil  of  pectonl  fiss.    It  is  in 
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reality  just  beneath  the  epidermis  and  almost  entirely  surrounds  the  spine. 
Both  dorsal  and  pectoral  spines  have  poison  glands.  The  gland  tissue  is 
composed  of  large  coarsely  granular  doubly  nucleated  cells.  Each  poison 
cell  is  surrounded  by  a  layer  of  spindle-shaped  epithelial  cells.  The  cla- 
vate  cells  of  the  skin  are  identical  in  structure  with  the  poison  cells. 
They  are  wanting  in  those  places  which  are  entirely  covered  or  protected 
by  other  organs.  From  their  resemblance  in  structure  to  the  poison  cells 
and  their  distribution  is  it  not  probable  that  their  function  is  one  of  pro- 
tection ?  The  poison  cells  are  regenerated  from  the  cells  of  the  epidermis. 
Before  the  poison  can  be  effectual,  the  cell  membranes  must  be  de- 
stroyed, for  there  is  no  duct  leading  from  the  gland  to  the  exterior.  The 
spine  seems  to  be  entirely  covered  by  epidermis  which  has  to  be  punc- 
tured. 


Devei^opmknt  and  Relations  Between  the  Intestinai,  Folds  and 
Villi  of  Vertebrates.     By  W.  A.  Hilton,  Cornell  University. 

Folds,  villi  and  valvulae  couniventes  are  convolutions  of  the  mucosa 
alone,  other  foldings  involving  the  muscular  coats  not  being  considered. 
Folds  and  villi  are  homologous,  villi  being  more  specialized  and  occur- 
ring usually  in  otherwise  highly  specialized  vertebrates.  Several  influ- 
ences upon  size  and  form  of  villi  are  easily  recognized,  such  as  the  influ- 
ences of  food  and  size  of  the  animal.  B31  phylogenetic  and  ontogenetic 
study  of  a  number  of  species  it  is  found  that  there  are  at  least  two  ways 
in  which  villi  are  formed  from  folds,  the  more  usual  way  being  like 
that  which  takes  place  with  chick;  that  is,  straight  folds  becoming  more 
and  more  wavy  until  very  zigzag  folds  are  produced  and  villi  formed 
from  these  by  separations  which  take  place  at  the  tip  of  the  fold  angles 
downward. 

Villi  are  present  in  the  large  intestines  of  most  mammals  some  time 
before  birth,  and  occur  also  in  the  appendix  vermiformis  of  man  before 
birth,  possibly  showing  the  appendix  of  man  to  be  an  atrophied  part  of 
the  coecum. 


Histolysis  of  Muscle  in  the  Transforming  Toad.  (Bufo  lentigi- 
NOSUS.)  BY.IyOUiSE  KaTz,  Ithaca,  N.  Y. 
It  is  shown  in  this  paper  that  while  the  outward  changes  in  transfor- 
mation are  exceedingly  rapid,  taking  place  in  about  three  days,  the  inter- 
nal changes  are  in  process  a  considerably  longer  period.  The  first  sig^ 
of  muscle  change  is  in  a  myotome  near  the  base  of  the  tail  opposite  the 
growing  legs.  Here  a  few  degenerating  fibers  occur,  often  but  a  single 
one  on  each  side.  Later  when  the  legs  are  about  three  quarters  grown, 
degenerating  fibers  are  scattered  all  along  the  tail,  but  are  most  numerous 
at  the  tip. 
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Forms  of  degeneration,  there  are  four  quite  well  marked  types  : 

(i.)  Mass  degeneration  in  which  the  whole  fiber  degenerates  in  one  or 
more  large  masses. 

(2.)  Degeneration  with  transverse  bands  of  degenerating  substance 
alternating  with  bands  of  normal  muscle. 

(3.)  Breaking  of  the  fibrillae  into  smaller  fragments,  the  so-called 
sarcolytes. 

(4.)  Transformation  into  transverse  bands  with  intermediate  gaps  as  if 
liquefaction  had  taken  place. 

In  all  the  types  the  changes  appear  to  be  intrinsic  in  the  muscle  itself ; 
a  homogeneous  material  is  produced,  reacting  characteristically  with  the 
various  stains  and  fixers,  and  disappearing  by  liquefaction  in  situ.  Thus 
far  I  have  found  no  evidence  of  fragmentation  of  the  nuclei,  nor  marked 
increase  in  protoplasm  as  described  by  various  investigators.  In  many 
fibers,  however,  showing  no  other  signs  of  degeneration,  the  nuclei  were 
no  longer  evenly  distributed,  but  collected  in  a  longitudinal  row  near  one 
end.  Fat  occurs  as  a  late  product  of  degeneration.  There  is  no  evidence 
that  phagocytes  play  any  part  in  the  degeneration  process  occurring  in 
the  muscle. 


The  Biogenetic  Law  from  the  Standpoint  of  Pai,kontow>gy.  By 
James  Perrin  Smith,  Stanford  University,  California. 
General  discussion  of  repetition  of  ancestral  characters  in  the  ontogeny 
of  the  individual.  Difficulties  of  interpreting  and  correlating  stages  of 
growth  of  the  individual  with  ancestral  genera.  Illustrations  taken  from 
the  life  history  of  fossil  invertebrates.  Exhibition  of  ontogenetic  series  of 
fossil  ammonites  and  discussion  of  the  meaning  of  the  stages  of  growth. 


Reconsideration  of  the  E\'idence  for  a  Common  Dinosaur-avian 
Stem  in  the  Permian.     By  Prof.  Henry  F.  Osborn,  Am.  Mu- 
seum of  Nat.  Historj^  New  York  City. 
[This  paper  will  be  printed  in  the  American  Naturalist,  October,  1900.] 
Relation  of  dinosaurs  to  birds  as  discussed  since  1864. 
Historj^  of  opinion. 

Theon»'  of  descent  from  a  common  stem  form,  Huxley. 
Descent  from  Iguanodontia,  Baur. 

Gradual  reaction  of  opinion  to  the  view  expressed  by  Fiirbringer 
in  '88,  that  dinosaurs  and  birds  have  descended  from  a  common 
reptilian  ancestor. 
Review  of  all  the  osteological  resemblance  between  birds  and  dino- 
saurs.    Grounds  for  a  reconsideration  of  the  problem. 
a.  The  clawed  quadrupedal  ancestry  of  birds. 
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b.  Structure  of  the  Permian  Proganosauria. 

c.  Origin  of  the  bipedal  type. 

d.  Probability  that  birds  and  dinosaurs  sprang  from  a  com- 

mon bipedal  type  in  the  Permian  period,  constituting  a 
dinosaur-avian  stem. 


The  Reptilian  Origin  of  Mammals  as  Illustrated  in  the  Struc- 
ture OF  THE  Occipital  Condylf^.    By  Prof.  Henry  F.  Osborn, 
American  Museum  of  Natural  History,  New  York  City. 
Huxley*s  theory  of  the  amphibian  origin  of  mammals  recently  revived 
by  Hubrecht  and  Kingsley. 

Difficulties  in  the  theory. 

Theory  of  derivation  of  mammals  from  the  Anomodontia. 

Tripartite  structure  of  the  condyles  in  these  reptiles. 

Essential  tripartite  structure  of  the  condyles  in  certain  mammals. 

Mammalian  condyle  of  reptilian  and  not  of  amphibian  origin. 


Structure,  Relationship  and  Habits  of  the  Eocene  Credont, 
Patriofelis.    By  Prof.  Henry  F.  Osborn,  American  Museum  of 
Natural  History,  New  York  City. 
[This  paper  will  be  printed  in  the  Bulletin  of  the  A.  M.  N.  H.] 

Discovery  of  a  complete  skeleton  of  Patriofelis  Leidy,  by  the  American 
Museum  expedition. 

Full  description  of  this  skeleton  by  Dr.  J.  L.  Wortman  with  theory  of 
aquatic  habits  of  life  and  of  probable  relationship  to  the  aquatic  car-' 
nivora. 

Re-study  of  the  skeleton. 

a.  Skull  and  dentition  of  feline  type. 

b.  Feet  transitional  between  raccoon  and  feline  type. 

c.  Probable  terrestrial  habits  of  this  type. 

d.  Insufficient  ground  for  theory  of  relationship  to  the  Pinnipedia. 


Phylogeny  of  the  Rhinoceroses  of  Europe.    By  Prof.  Henry  F. 

Osborn,  Am.  Mus.  Nat.  Hist.,  New  York  City. 
[This  paper  will  be  printed  in  the  Bulletin  of  the  A.  M.  N.  H.] 

Difficulties  in  a  systematic  arrangement  of  rhinoceroses  resulting  from 
recent  discoveries. 

Necessity  of  phylogenetic  classification. 
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Great  antiquity  of  separate  phyla. 
Our  ignorance  of  the  stem  form. 

Revision  of  the  family  Rhinocerotidae  into  seven  subfamilies,  repre- 
senting different  phyla. 
Theory  of  migration  from  Africa. 


On  the  Inflection  of  the  Angle  of  the  Jaw  in  the  Marsupialia 
AND  Other  Mammals.  By  B.  Arthur  Bensley,  Columbia  Uni- 
versity, New  York  City. 

The  inflection  of  the  angle  of  the  jaw,  from  its  presence' in  all  forms 
except  TarsipeSy  constitutes  one  of  the  most  distinctive  skeletal  features 
of  the  Marsupialia.  An  enumeration,  however,  shows  that  it  is  not  an 
exclusive  feature  of  this  group,  since  it  is  represented  in  other  mammalian 
orders  such  as  the  Rodentia,  Multituberculata,  Insectivora  and  Creodonta, 
although  it  is  always  an  occasional  character  here  and  never  constant  as 
in  the  Marsupialia. 

The  great  resemblances,  as  in  other  respects,  between  the  jaws  and 
teeth  of  various  Placental  mammals  and  similarly  adapted  t3rpe8  in  the 
marsupial  series  renders  the  difference,  presented  by  their  angles,  through 
the  presence  in  one,  and  the  absence  in  the  other,  of  an  inflection,  very 
conspicuous  and  raises  the  question  as  to  what  the  inflection  may  signify. 

With  the  hope  of  obtaining  a  solution  of  the  question,  the  writer  has 
examined  various  mammalian  jaws,  and,  in  addition  to  dissections,  has 
made  a  series  of  frozen  sections  through  the  head  of  the  common  opossum 
(Didelphys  marsupialis). 

The  opossum  shows  the  following  anatomical  relations.  The  whole 
outer  surface  of  the  inflected  angle  is  occupied  by  the  outer  fasciculus  of 
the  masseter  muscle,  the  entire  inner  surface  by  the  pterygoideus  inter- 
nus.  Both  of  these  muscles  are  powerfully  developed  while  the  ptery- 
goideus extemus  is  much  reduced.  The  latter  muscle  is  attached  above 
the  inflected  angle.  The  inflection  introduces  three  peculiar  features ;  it 
increases  abundantly  the  insertion  area  of  the  masseter  and  pterygoideus 
intemus  ;  it  places  the  latter  muscle  in  opposition  to  the  lateral  traction 
of  the  masseter  on  a  weak  symphysis  ;  it  renders  the  line  of  traction  of 
the  pterygoideus  in  tern  us  vertical,  so  that  little  provision  for  transverse 
motion  remains.  Of  these  peculiarities  the  last  is  probably  the  only  one 
of  primarj'  significance. 

In  most  other  cases  a  similar  relation  between  the  inflection  and  the  ver- 
tical traction  of  the  pterygoideus  intemus  can  probably  be  traced.  Other 
data  of  interest  are  derivable  as  well.  Its  distribution  in  Multituberculata, 
Rodentia,  Insectivora,  and  Creodonta  is  significant  as  pointing  it  out  as  a 
primitive  character.  The  Creodonta  contain  two  genera  which  have  in- 
bent  angles  associateil  with  the  vertical  non -sectorial  crushing  action  of 
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the  teeth.  One  of  these,  Mesonyx^  has  a  typical  inflection,  while  the 
other,  Pachyaena ,  has  the  entire  posterior  lower  border  of  the  jaw  inbent. 
The  Mesozoic  Mammalia  show  an  inflection  of  some  kind  in  nearly  all 
cases  where  the  angle  is  known.  Its  origin  must  be  sought  here  rather 
than  in  existing  forms.  The  inflection  is  perfect,  and  of  the  marsupial 
type,  in  Phascolotherium^  Triconodon  and  Spalacotherium ^  but  imper- 
fect, and  more  of  the  Insectivor  type,  in  Amphitheriuniy  Amblotheriutn^ 
AtnphityluSy  and  Dryolestes,  and  intermediate,  as  in  certain  existing 
types  in  Peramus. 

Circumstances  point  to  the  probability  that  the  primitively  long-jawed 
Mesozoic  mammals  made  an  attempt  at  a  differentiation  of  the  teeth  with- 
out reduction  of  their  number,  and  without  a  compensatory  shortening  of 
the  jaw  which  called  for  great  muscular  perfection.  It  may  be  shown  also 
that  the  need  experienced  was,  to  a  great  extent,  for  perfection  of  verti- 
cal action,  because  we  have  to  assume  an  almost  exclusively  vertical  action 
in  the  mammalian  prototype,  and  because  there  is  nothing  in  the  struc- 
ture of  the  teeth  as  they  pass  from  thehaplodont  to  the  tubercular  sectorial 
pattern  in  its  incipient  stages  which  demands  a  transverse  (sectorial,  or 
grinding)  motion.  The  inflection  very  early  became  fixed  in  the  Marsu- 
pialia,  as  shown  by  Spalacotherium,  It  may  even  have  preceded  in  time 
the  elevation  of  the  coronoid  process. 

The  early  fixation  of  the  inflection  explains  its  persistent  presence  in 
modem  Marsupialia.  In  the  opossums  (Didelphyidae)  which  (excepting 
Myrtnecobius)  are  the  most  primitive  forms  of  to-day,  the  inflection  ex- 
hibits its  primitive  relations  to  the  vertically  acting  non-sectorial  teeth. 
The  same  may  be  said  of  the  Dasyuridae,  judging  from  Dasyurus,  The 
thylacine,  representing  a  predaceous  carnivorous  type,  has  not  been  avail- 
able for  examination.  The  kangaroos  (Macropididae)  which  resemble 
Ungulata,  to  a  great  extent,  in  tooth  action  and  jaw  structure  show  no 
downward  prolongation  of  the  angle,  for  the  increase  of  the  pterygoid 
insertion  area  such  as  is  characteristic  of  the  latter.  The  presence  of  the 
inflection  makes  it  necessary  to  get  the  required  increase  in  another  way 
and  in  such  a  manner  as  to  substitute  a  transverse  action  of  the  muscle 
for  a  primitively  vertical  one.  It  is  accomplished  by  a  great  excavation  of 
the  internal  surface  of  the  base  of  the  inflected  angle.  In  its  interference 
with  the  downward  prolongation  of  the  angle,  the  inflection  is  detri- 
mental ;  in  other  respects  it  is  functional,  since  that  part  of  the  ptery- 
goideus  intemus  which  is  attached  to  its  tip  still  acts  vertically  and  also 
opposes  the  traction  of  the  masseter  on  a  weak  symphysis.  The  Phalan- 
geridae  (except  the  koala)  take  an  intermediate  position  between  the 
Didelphyidiie  and  the  Macropodidae.  TarsipeSy  which  lacks  the  inflection, 
is  degenerate  in  this  respect  since  it  also  lacks  the  coronoid  process,  and 
has  reduced  teeth.  The  koala  (Phascolarctus)  shows  a  straightening  out 
of  the  angle  associated  with  a  deep  auditory  bulla.  The  wombats  (Phas- 
colomyidae)  and  the  bandicoots  (Peramelidae)  show  no  points  of  special 
interest. 
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An  examination  of  the  available  evidence  points  to  the  following  con- 
clusions : 

1 .  The  inflection  of  the  angle  is  associated  with  a  vertical  action  of  the 
pterygoideus  internus  muscle. 

2.  It  probably  originated  in  response  to  a  demand  for  increased  inser- 
tion area  and  at  a  stage  when  the  primitive  character  of  the  teeth  and 
jaws  precluded  the  possibility  of  any  great  transverse  action. 

3.  The  inflection  very  early  became  fixed  in  the  Marsupialia  and  is  to 
be  regarded  throughout  the  existing  series  as  a  persistent  primitive 
character. 

4.  In  primitive  Marsupials,  such  as  the  Didelphyidae,  the  inflection 
retains  its  primitive  character  and  function  while  in  specialized  types, 
such  as  the  Macropodidae,  it  becomes  modified  in  an  attempt  to  sub- 
stitute a  transverse  action  for  an  exclusively  vertical  one. 

5.  In  the  Insectivora  and  their  successors  the  inflection  was  never  more 
than  incipient,  and  with  the  adoption  of  a  sectorial,  or  grinding  action  of 
the  teeth  disappeared  entirely. 

6.  The  inflection  may  be  secondarily  functional,  in  many  cases,  in  op- 
posing the  traction  of  the  pterygoideus  internus  to  the  lateral  traction  of 
the  maseter  on  a  weak  symphysis. 


On  the  Phylogeny  of  the  Marsupialia.    By  B.  Arthur  Bbnsi«ey, 
Columbia  University,  New  York  City. 


On  the  Composition  of  the  Monotreme  Skui^i..    By  B.  Arthur 
Bensley,  Columbia  University,  New  York  City. 
[By  title.] 


LYMPHOSPORIDIUM  TrUTTAE,  NOV.  GEN.  NOV.  SP.  ThE  CaUSE  OF  A  RE- 
CENT Epidemic  among  Brook  Trout.  By  Gary  N.  Caxkins,  Co- 
lumbia University,  New  York  City. 

In  October,  1899,  my  attention  was  called  to  a  disastrous  epidemic 
among  the  brook  trout  (Salvelinus  fontinalis)  in  a  Long  Island  hatchery. 
Investigation  showed  the  cause  of  the  trouble  to  be  a  new  genus  which  I 
have  placed  provisionally  with  the  Serumsporidia  (L.  Pfeffer)  among  the 
Sporozoa,  a  class  of  parasitic  Protozoa. 

The  spores  of  the  parasite  accumulate  in  the  lymph  spaces  of  the  fish 
and  prevent  normal  nourishment  of  the  tissues.  This  leads  ultimately  to 
ulcers  of  various  shapes  and  sizes. 
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The  spores  give  rise  to  eight  sporozoites  or  germs  each  of  which  develop 
into  an  adult  amoeboid  individual  about  25  mu.  (o.ooi  inch)  in  length. 
This  penetrates  the  bundles  of  unstriped  muscle  cells  of  the  digestive 
tract  and  become  mature.  At  maturity  a  spore-forming  cyst  is  developed 
in  the  lymph  and  the  spores  are  carried  throughout  the  entire  animal. 

The  epidemic  which  lasted  from  May  until  December,  1899,  killed  off 
all  of  the  fish  in  the  hatchery.  The  origin,  preventive  measures  and 
remedies  were  not  discovered. 


The  Primitive  and  Secondary  Types  of  Vertebrate  Embryos.  By 
Prof.  Charles  S.  Minot,  Harvard  Medical  School,  Boston,  Mass.^ 
This  paper  gives  a  comparison  of  the  development  in  marsipobranchs, 
ganoids,  dipnoans  and  amphibians  as  representing  the  primitive  type  of 
vertebrate  development.  The  Selachian,  Teleost,  Sauropsidan  and  mam- 
malian types  are  regarded  as  secondary  modifications.  It  also  includes  a 
comparative  study  of  the  form  of  the  embryo  in  the  Ichthyopsida  and 
Amniota. 


A  Partial  Phytogeny  of  the  Genus  Cancer.  By  A.  S.  Packard, 
Brown  University. 

A  comparison  of  the  miocene  tertiary  species  of  cancer  (Cancer  proavi- 
tus  Pack ) ,  with  the  two  species  now  living  in  the  waters  of  Vineyard 
Sound,  brings  out  the  interesting  fact  that  the  extinct  species  is  the  stem 
or  ancestral  form  from  which  the  recent  species  have  apparently  de- 
scended. 

Cancer  proavitus  presents  characters  in  which  it  resembles  C.  borealis 
as  well  as  C.  irroratus.  It  resembles  C.  borealis  in  the  higher,  more 
pointed  granulations  on  the  postero-lateral  margin,  of  the  carapace,  and 
in  the  quite  high  and  sharp  spines  on  the  ridges  of  the  hand  as  well  as 
the  numerous  setiferous  spines  and  hairs ;  on  the  other  hand  it  is  similar 
to  C.  irroratus  in  the  shape  of  the  nine  teeth  on  the  antero-lateral  margin 
of  the  carapace,  and  in  the  straight  postero-lateral  margin  of  the  same. 
It  is  rounder,  narrower,  the  carapace  more  convex,  and  the  body  in  gen- 
eral more  hairy  than  either  of  the  existing  species. 

It  thus  seems  most  probable  that  the  miocene  species,  being  a  more 
generalized,  composite  form,  is  the  ancestor  from  which  either  towards 
the  end  of  the  pliocene  or  the  beginning  of  the  quaternary  period  the  two 
living  species  sprang.  C.  irroratus  has  inherited  the  exact  shape  of  the 
lateral  teeth,  and  the  shape  of  the  postero-lateral  margin  of  C.  proavitus, 
while  C.  borealis  has  retained  the  higher  spine-like  granulations  or  sub- 
muricate  feature  of  the  carapace  and  hand,  and  the  hairiness  of  the  body. 
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On  the  whole  the  evidence  that  our  two  northeastern  species  have  de- 
scended from  a  much  more  rounded,  convex,  and  hairy  miocene  form 
living  in  the  same  geographical  area  seems  to  be  well  established. 

It  would  be  most  interesting  to  compare  this  fossil  species  with  very 
young  individuals  of  our  living  species,  but  after  inquiry  I  find  that  they 
are  not  in  existence  in  our  museums.  It  is  to  be  hoped  that  specimens 
of  the  very  young  may  be  collected  and  compared  with  the  fossil  species. 
It  is  known  that  in  cancer  the  body  grows  wider  with  age. 


A  Review  of  the  Problem  of  Sex  Cei*i3  in  the  Hydromedusae. 
By  Chari^es  W.  Hargitt,  Ph.D.,  Syracuse  University. 

A  former  paper  before  this  section  (Proc.  A.  A.  A.  S.,  1889)  set  forth 
the  view  that  for  Endendrium  ramosum  the  ova  originate  in  the  endo- 
derm.  This  was  not  passed  without  controversy.  As  a  preliminary  con- 
tribution it  was  not  emphasized  at  that  time.  After  some  years  the  prob- 
lem was  again  taken  up  in  connection  with  related  problems  and  four 
species  of  Endendridae  examined,  namely,  E.  ramosum,  E.  racemosum, 
E.  dispar,  and  E.  tenue. 

As  a  result  it  may  be  said  that  while  in  E.  ramosum  and  E.  tenue  the 
ova  arise  strictly  in  the  endoderm,  and  never  at  any  time  find  their  way 
into  the  ectoderm,  in  the  species  racemosum  and  dispar  these  products 
are  found  abundantly  in  both  tissues.  However,  it  must  not  be  over- 
looked that  in  every  case  the  primitive  ova  are  found  in  the  entoderm 
and  only  during  the  process  of  growth  do  they  migrate  into  the  ectoderm. 
In  view  of  these  facts  it  would  seem  to  be  a  just  inference  that  their  origin 
is  entodermal,  though  in  these  two  species  they  may  migrate  into  the 
ectoderm  and  complete  development  in  that  position. 

Any  glance  at  the  literature  will  show  a  strange  confusion  as  to  data. 
Weismann  himself  has  contributed  to  this,  due  in  part  to  confusion  aris- 
ing from  methods  of  work,  done  in  part  upon  optical  sections  rather  than 
actual.  Similar  errors  have  doubtless  been  due  to  similar  methods  by 
earlier  as  well  as  later  observers. 

However,  it  seems  that  in  Hydromedusae,  there  is  great  variation  in 
this  matter.  For  whether  the  hydroid  or  medusa  be  the  more  primitive, 
or  likewise  as  to  the  more  primitive  character  of  hydro-  or  scjrphomedusa 
there  must  have  been  a  time  when  there  was  a  transition  as  to  the  point 
of  origin.  If,  therefore,  such  transitions  have  arisen  phylogenetically, 
is  it  not  possible  that  among  the  more  plastic  genera  such  transition  may 
continue  at  the  present  time? 

In  any  case  it  would  seem  to  be  extremely  rash  to  predicate  any  such 
character  as  a  diagnostic  and  distinctive  difference  between  the  sub- 
classes Hydromedusae  and  Scyphomedusae. 
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The  Mosaic  of  the  Single  and  Twin  Cones  in  the  Retina  of 

MiCROPTERUS  SaLMOIDES.      BY  GEORGE  D.  ShaFER. 

In  the  American  Naturalist  for  February,  1900,  Eigenmann  and  Shafer 
described  the  different  patterns  of  twin  and  single  cones  found  by  them 
in  the  retina  of  several  different  species  of  fishes.  No  attempt  was  made 
by  them  to  determine  the  modification  of  any  of  the  patterns  in  different 
parts  of  the  same  eye  of  any  species. 

The  present  paper  deals  with  the  modifications  of  the  pattern  in  the 
large-mouthed  black  bass,  Micropterus  salmoides.  The  questions  more 
particularly  dealt  with  are  : 

I.  Is  the  pattern  of  twin  and  single  cones  the  same  over  the  entire 
retina  ? 

II.  What  relation  does  the  direction  of  the  rows  of  cones  which  go  to 
make  up  the  pattern  bear  to  the  surface  of  the  eye  ? 

III.  What  is  the  difference  between  the  number  and  size  of  the  ele- 
ments in  the  young  and  old  fish  ? 

Several  series  of  tangential  sections  were  cut  from  a  band  passing  from 
the  anterior  edge  of  the  cornea  around  the  back  of  the  eye  to  the  pos- 
terior edge  of  the  cornea  ;  other  series  were  secured  from  a  band  passing 
from  the  upper  edge  around  to  the  lower  edge  of  the  cornea. 

I.  The  variation  of  the  pattern. 
'  The  general  arrangement  of  the  twin  and  single  cones  in  this  species 
is  that  of  Eigenmann  and  Shafer's  pattern  D.  In  this  pattern  the  twin 
cones  are  so  arranged  that  if  the  lines  joining  the  centers  of  the  compo- 
nents of  a  twin  {i.  e.  the  axes)  were  continued  they  would  form  a  square; 
a  single  cone  is  placed  in  the  center  of  this  square.  The  division  lines 
separating  the  components  of  the  twin  cones  thus  point  toward  the  single 
cone.  That  is,  the  division  lines  form  right  angles  with  the  sides  of  the 
square.  This  ideal  pattern  for  this  species  is  most  nearly  approached* 
over  the  anterior  and  posterior  surfaces  of  the  eye.  As  we  go  from 
the  anterior  and  posterior  edges  of  the  cornea  toward  the  wider  parts 
of  the  eye,  the  pattern  changes  from  a  square  to  a  rhombus.  Its  area  at 
the  same  time  increases  until  we  approach  the  back  of  the  eye  itself,  where 
the  patterns  are  again  smaller  and  closer  together,  even  crowded. 

Immediately  at  the  upper  and  lower  edges  of  the  cornea  the  division 
lines  separating  the  two  parts  of  the  twin  cones  instead  of  pointing  toward 
the  single  cones  are  turned  until  they  point  almost  directly  toward  each 
other.  At  these  points,  the  square  has  varied  to  a  rhombus  of  which  the 
two  obtuse  angles  are  almost  180®.  The  single  cone  remains  in  the  center 
of  this  modification  of  the  square.  As  we  go  from  the  upper  and  lower 
edges  of  the  cornea  toward  the  back  of  the  eye,  the  rhombus  is  quickly 
changed  into  a  square  again.  In  other  words  the  double  cones  soon  have 
their  division  lines  turned  again  in  the  direction  of  the  single  cones. 
Except  very  near  the  cornea,  the  patterns  in  the  band  from  the  upper  to 
the  lower  edges  of  the  cornea  are  much  more  crowded  than  in  other  parts 
of  the  eye. 
16 
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II.  The  relation  of  the  pattern  to  the  eye.  A  study  of  the  modification 
of  the  pattern  as  described  in  the  first  section  shows  that  such  a  modifica- 
tion is  brought  about  on  the  surface  of  the  eye  if  the  axes  of  the  twin 
cones  lie  on  the  series  of  circles.  The  center  of  one  of  these  series  of 
parallel  circles  lies  approximately  at  the  upper  edge  of  the  iris,  the  center 
of  the  other  approximately  at  the  lower  edge.  These  two  series  of  cir- 
cles cut  each  other  at  right  angles  near  the  anterior  and  posterior  edges  of 
the  iris  and  cut  each  other  at  more  and  more  acute  angles  at  the  top  and 
bottom  of  the  iris.  The  extreme  modification  that  would  be  brought  about 
by  the  close  adherence  of  the  twins  on  these  lines  is  relieved  by  the  inter- 
polations of  additional  double  rows  of  single  and  twin  cones. 

III.  The  patterns  in  the  young  and  old  fish.  A  comparison  of  the  eye 
of  a  young  fish  60  mm.  long  which  measured  3.8  mm.  from  cornea  to 
optic  nerve,  and  4.7  mm.  longitudinally  with  the  eye  oi  a  fish  335  mm. 
long  measuring  10  and  13  mm.  respectively  along  the  lines  measured  ia 
the  smaller  specimen  shows  :  ist.  That  no  new  elements  are  added  dur- 
ing the  growth  of  the  eye.  2nd.  The  distance  between  the  elements  in- 
creases about  in  proportion  to  the  increase  in  the  surface  of  the  eye.  The 
ratio  between  the  surfaces  of  the  smaller  and  larger  eye  is  about  i  :  0.144, 
the  average  ratio  between  the  distance  from  center  to  center  of  two  ele- 
ments of  the  pattern  in  the  small  and  large  eye  is  i  :  0.164.  5>^>  On  the 
average  the  ratio  between  the  size  of  the  elements  in  the  small  eye  and 
large  eye  is  i  :  2. 

CONCLUSIONS. 

I.  The  |)attem  varies  in  shape  from  a  square  on  the  anterior  and  pos- 
terior edges  of  the  eye  to  a  rhombus  on  all  other  parts  of  the  eye  except 
where  rows  of  cones  have  been  interpolated  ;  and  it  is  largest  at  the  mid- 
dle of  the  anterior  and  posterior  faces  of  the  eye. 

II.  The  cones  are  arranged  in  rows  which  correspond  to  circles  formed 
on  the  surface  of  the  eye  by  two  sets  of  parallel  planes.  One  set  of  these 
planes  is  perpendicular  to  an  axis  passing  from  the  npper  edge  of  the 
cornea  through  the  center  of  the  eye  to  the  back  and  the  other  set  of 
planes  is  perpendicular  to  an  axis  passing  in  a  similar  manner  from  the 
lower  edge  of  the  cornea. 

III.  As  the  surface  of  the  eye  increases  in  size  toward  old  age  the  area 
of  the  patterns  increases  in  about  the  same  proportion.  No  new  elements 
are  addeii. 


Development  of  the  Lungs  in  the  Frogs.  Rana  Catbsbiana,  R. 

SILVATICA.     AND    R.     VIRESCENS.      BY    MARGrERITE    HBMFSTBAD, 

Meadville.  Pa. 
The  principal  features  of  the  development  oit  the  lungs  in  the  American 
frogs  stuvlied  may  be  stated  as  follows : 
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1.  The  formation  of  the  respiratory  apparatus  is  similar  to  that  in  the 
toad,  but  differs  from  the  latter  in  having  the  communication  with  the 
pharynx  formed  very  early  in  larval  life  instead  of  at  the  end  as  in  the 
toad. 

2.  The  respiratory  apparatus  arises  as  a  solid  downgrowth  from  a  solid 
portion  of  the  pharynx,  which  is  unlike  the  formation  of  the  lungs  in 
Bombinator  as  described  by  Goette,  and  unlike  the  description  of  the 
process  in  other  European  forms  in  all  the  accounts  available  for  reference. 

3.  The  lung  rudiment  is  single  and  solid,  and  not  a  pair  of  hollow 
evaginations  as  described  by  Marshall. 


Deveix)pment  of  the  Lungs  in  the  Common  Toad  Bufo  lentigino- 

SUS,  AND  IN  THE  TrEE  ToaDS  (HyI^  PICKERINGII  AND  HYM.  VER- 

Sicoi^or).     By  Simon  Henry  Gage,  Cornell  University. 

This  paper  shows  that  in  Bufo  the  proton  or  rudiment  of  the  lungs 
develops  from  a  solid  downgrowth  of  a  solid  pharynx.  The  pharynx  is 
at  first  open,  but  becomes  solid  before  the  lungs  begin  to  develop.  The 
same  is  true  of  the  tree  toads. 

With  the  tree  toads  the  pharynx  becomes  hollow  before  the  external 
gills  are  absorbed,  and  the  lungs  become  hollow  and  open  into  the  pharynx 
before  the  external  gills  disappear. 

In  Bufo  the  lungs  and  pharynx  very  early  become  hollow,  but  the 
larynx  remains  solid,  and  has  no  communication  with  the  pharynx  until 
the  tail  is  almost  wholly  absorbed  and  the  young  toad  is  almost  com- 
pletely transformed.  The  connection  of  the  lungs  with  the  pharynx 
seems  to  be  one  of  the  last  acts  of  metamorphosis.  When  the  larynx 
opens  into  the  pharynx  it  is  lined  with  ciliated  epithelium;  apparently  the 
epithelium  is  non-ciliated  before  the  opening  is  established. 

In  the  ciliation  of  the  oral  cavity  and  the  pharynx  of  the  toad  (Bufo) 
the  columnar  ciliated  epithelium  spreads  from  the  oesophagus  into  the 
pharynx  and  the  mouth. 


The  Chronoi^ogicai,  Distribution  of  the  Ei^smobranchs.  By  O. 
P.  Hay,  American  Museum  Natural  History,  New  York  City. 

There  is  first  presented  a  diagram  which  shows,  by  means  of  curves, 
the  number  of  species  of  fossil  elasmobranchs  which  are  known  to  have 
existed  during  each  of  the  geological  periods. 

There  is  also  presented  a  table  which  contains  lists  of  the  genera  of 
Elasmobranchs  which  occur  in  each  of  the  geological  periods. 

The  portion  of  geological  time  occupied  by  each  of  the  families  is  dis- 
cussed. 

Some  conclusions  are  drawn  bearing  on  the  classification  of  the  Elas- 
mobranchs. 
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The  Lower  Temperature  Limits  of  Incubation  for  the  Egg  of 
THE  Common  Fowi,.  By  Charles  Lincoi^n  Edwards,  Trinity 
College. 

Since  the  time  of  the  Egyptians  it  has  been  known  that  warmth  is  the 
chief  factor  in  incubating  the  eggs  of  birds.  Modem  investigators  have 
established  35®  C.  to  39®  C.  as  the  normal  temperature  range.  Rauber, 
('84),  gave  as  the  optimum  38°  and  minimum  25^.  It  is  well  known  that 
cold,  if  not  too  intense  or  too  prolonged,  will  slow  development. 

Dareste  gives  28*^  C.  as  the  physiological  zero  for  the  hen's  egg,  below 
which,  of  course,  there  is  no  development. 

Kaestner  produced  anomalies  by  interrupting  the  normal  development 
through  cooling  the  egg. 

Waryuski  showed  that  yolk  rises  because  of  change  in  specific  giavity 
and  sticks  to  vitelline  membrane,  thus  producing  arrest  of  development, 
and  consequent  monsters. 

F^r^  (*94)  established  the  ratio  of  development  at  abnormal  tempera- 
ture to  the  stage  at  normal  of  38®,  as  follows  : 


Temperature i     34''       35^1     36*1    37«>  :     38° 

Index    of    develop-  j  i 

ment 0.65      0.80     0.72  i      ?        i.oo 


39°  I    40**  I    41** 
1.06  !  1.25   '  1.51 


In  my  experiments  a  Cx-phers  incubator  together  with  a  calibrated 
thermometer  di\4ded  to  J°  was  used. 

INCUBATION  I. 

In  12  eggs  incubated  at  30.75°  C.  for  seven  days,  nineteen  hours,  chicks 
reached  an  average  of  about  one-half  the  normal  development.  Over 
half  of  this  clutch  of  eggs  developed  hydropic  vesicles  in  the  blastoderm. 
These  arise  from  enlarged  blood  islands  in  the  mesoderm,  in  which  the 
primitive  corpuscles  degenerate,  and  the  space  becomes  filled  with  lymph. 

INCUBATION  2. 

In  6  eggs  incubated  at  29^  C.  for  five  days,  eighteen  hours,  the  onto- 
genetic stage  was  from  the  sixteenth  to  the  twenty-fourth  hour  chick. 
The  cephalic  end  of  the  neural  groove  was  trifid  in  one  variate.  Lateral 
branches  of  primiti\-e  groove  were  developed  posteriorly. 

INCUBATION  3. 

In  12  egjrs  incubated  at  28}°  C.  for  seven  days  the  ontogenetic  stage 
^^•as  from  a  central  area  of  undifferentiated  mesoderm  to  twenty-seven 

hours. 

INCUBATION  4. 

In  10  eggs  incubated  at  27^  C.  for  six  ila\-&,  with  the  exception  of  one 
uncertain  anomaly  the  greatest  de\-elopment  was  represented  by  a  primi- 
tive streak   1.8  mm.  long.     Blasto^lemis  vary  from  4.5  mm.  to  8  mm.  in 

diameter. 
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INCUfiATION  5. 

In  9  eggs  incubated  at  26°  C.  for  seven  days,  nineteen  hours,  showed  a 
primitive  streak  1.3  mm.  long  as  the  greatest  development  with  the  ex- 
ception of  one  case  with  open  neural  folds  i  mm.  long.  Blastoderms  vary 
from  4  mm.  to  7  mm.  long. 

INCUBATION  6. 

In  8  eggs  incubated  at  25.5°  C.  for  six  days,  there  was  a  variation  from 
no  development  to  a  primitive  streak  and  groove  1.7  mm.  long.  Blasto- 
derms vary  from  5  mm.  to  5.5  mm.  in  diameter. 

INCUBATION  7. 

In  II  eggs  at  25.5°  C.  for  seven  days,  two  hours,  eight  developed  from 
■a  central  area  of  mesoderm  cells  to  a  primitive  streak  2  mm.  long.  Of 
the  other  three  one  showed  open  neural  folds  and  rudimentary  brain, 
one  22  mesodermic  somites,  and  one  was  a  three  days'  chick.  Last  three 
may  have  been  previously  incubated.  Blastoderms  vary  from  4  to  11  mm. 
in  diameter. 

INCUBATION  8. 

In  9  eggs  at  24. 5*^  C.  for  six  days,  one  and  one-half  hours,  gave  one 
primitive  streak  1.5  mm.  long  as  the  greatest  development.  Blastoderms 
vary  from  4  mm.  to  i  cm.  in  diameter. 

INCUBATION  9. 

Eleven  eggs  at  24°  C.  for  six  days,  nineteen  hours.  Blastoderms  vary 
from  5.4  mm.  to  7  mm.  in  diameter.  With  the  exception  of  a  degenerated 
two  days'  chick  only  four  of  the  eleven  blastoderms  showed  a  trace  of 
the  primitive  streak. 


The  Fishes  of  Africa  as  Exponent  of  Former  Geographical  Con- 
ditions. By  Theodore  Qihi,,  Smithsonian  Institution. 
The  fishes  of  Africa  represent  two  very  different  elements.  One  is  com- 
posed of  Asiatic  types ;  the  other  of  South  American  types.  The  latter 
indicate  a  former  connection,  director  mediate,  with  South  America  ;  the 
former  are  in  conformity  with  the  present  association  of  the  continents. 


The  Moringuid  Eei3  and  their  Geographical  Distribution.  By 
Theodore  Gill,  M.D.,  and  Hugh  Smith,  M.D.,  Washington,  D.C. 
The  Moringuid  eels  are  remarkable  for  their  very  elongate  body,  dispro- 
portionately elongated  abdominal  cavity,  and  remoteness  of  the  heart 
from  the  branchial  apparatus.  The  family  had  been  supposed  to  be  pe- 
culiar to  the  oriental  seas,  but  a  recent  discovery  has  directed  the  atten. 
tion  of  the  authors  to  the  American  eels  generally,  and  it  was  recognized 
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that  three  genera  previously  associated  with  Muraenesocidae  really  belong 
to  the  Moringuidae.  Stilbiscus  indeed  is  a  synonym  of  the  type  genus, 
Moringua.  A  new  species  of  the  related  genus  Aphthalmichthys  has 
also  been  added  to  the  American  fauna. 


The  History  of  the  Word  Mammai^ia.    By  Theodore  Gili.. 

The  word  mammalia  was  first  introduced  by  Linnaeus  in  1758  as  the 
expression  of  a  concept  first  appreciated  by  him.  It  was  formed  in  anal- 
ogy with  animal.  Simple  as  is  the  explanation,  it  has  not  been  recog- 
nized previously. 


^ 
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SOME  TWENTIETH  CENTURY  PROBLEMS, 


It  is  never  a  bad  plan  to  improve  an  anniversary  occasion  by 
comparative  observations.  In  commercial  and  manufacturing 
lines,  short  intervals  of  time  are  marked  by  balancing  books 
and  checking  off  accounts,  and  an  inventory  is  taken  at  the 
end  of  the  year  without  exception.  And  so  it  happens  that 
I  am  going  to  recognize  to-day  the  fact  that  we  stand  at  the 
end  of  a  centur>',  and  what  I  have  to  say  will  be  influenced  to 
no  small  extent  by  the  recognition  of  that  fact. 

Under  ordinary  circumstances,  with  this  in  mind,  I  could 
hardly  avoid  following  the  commercial  example  at  the  end  of 
the  year,  and  taking  an  account  of  stock,  balancing  accounts, 
and  ascertaining  the  advance  or  retrogression  in  our  branch  of 
the  scientific  world  during  the  period  of  time  that  represents 
three  generations  of  human  beings.  I  do  not  intend,  however, 
to  do  this,  partly  because  I  do  not  wish  to  weary  an  audience 
with  all  that  ought  to  be  passed  in  review  in  such  an  import- 
ant anniversary  summation,  and  partly  because,  a  few  years 
since.  Professor  H.  Marshall  Ward,  in  resuming  the  botanical 
progress  of  the  Victorian  Era,  gave  the  more  important  facts, 
while  the  vice-presidential  addresses  of  several  recent  years 
before  this  Section  have  dealt  with  important  advances  in 
botanical  thought  in  different  directions,  and  of  the  progress  of 
the , early  part  of  the  century  Sachs  has  given  a  suflBcient 
epitome. 


{ 
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I  propose,  therefore,  that  we  shall  consider  the  inventory 
and  balance  sheet  as  in  hand,  and  that,  like  the  thoughtful 
business  man  who  has  closed  his  books  for  the  year  after 
noting  what  he  has  on  hand  and  what  the  balance  sheet  shows, 
we  shall  take  a  general  view  of  the  situation,  in  the  hope  that 
some  hint  of  economy  or  conservatism  or  changed  method 
may  suggest  itself  as  we  do  so,  by  which  the  work  of  the  new 
century  may  be  furthered. 

I  have  felt  some  interest  in  looking  over  the  present  trend 
of  botanical  thought,  as  evidenced  in  a  few  recent  journals 
and  in  the  advance  programs  of  this  Association  and  the 
affiliated  societies  devoted  to  subjects  in  which  botany  figures 
directly  or  indirectly.  Neglecting  strictly  economic  botany,  I 
observe  that  taxonomy  and  descriptive  botany  lead  (42  per 
cent,  in  the  particular  examination  made),  followed  at  some 
distance  by  morphology  and  organography  (25  per  cent.)  and 
physiology  and  ecology  (20  per  cent.),  while  the  much  smaller 
remainder  (13  per  cent.)  consists  in  nearly  equal  parts  of 
vegetable  pathology,  phytogeography  and  floras,  and  the  evo- 
lution of  plants  either  in  a  state  of  nature  or  under  the  hand 
of  man.  Though  the  percentages  may  vary  considerably,  the 
general  distribution  indicated  above  would  probably  apply  in 
the  main  to  the  prevalent  activity  of  purely  botanical  research. 

A  hasty  scrutiny  of  not  far  from  a  thousand  periodical  pub- 
lications received  at  the  library  of  the  Missouri  Botanical 
Garden,  and  all  containing  at  least  occasional  articles  on  pure 
or  applied  botany,  shows,  as  might  be  expected,  that  the  per- 
centage of  journals  restricted  to  one  branch  of  botany  is  much 
smaller  than  the  average  percentage  contents  of  the  current 
journals  or  programs.  Even  where  botany  is  largely  or  exclu- 
sively represented,  the  contents  of  journals  are  usually  very 
heterogeneous.  Notes  or  longer  papers  on  local  floras  or  on 
the  characters  of  one  or  a  few  species  largely  preponderate, 
and  there  are  only  a  few  journals  which  concern  themselves 
entirely  or  chiefly  with  any  other  single  component  of  botanical 
knowledge.  Among  these,  vegetable  pathology,  and  economic 
botany  in  one  or  other  of  its  subdivisions,  assume  a  compar- 
able position  with  morphology  and  physiology,  though,  for  the 
reasons   stated,    all  are  relatively   lowered  with  reference  to 
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taxonomy,  as  compared  with  current  papers  included  in  the 
journals.  Phytogeography  and  evolutionary  matters  appear 
to  be  more  suitable  for  books  than  the  other  main  subjects 
excepting  floras,  and  they  do  not  appear  to  have  led  as  yet  to 
the  establishment  of  journals  specifically  devoted  to  them. 

The  preponderance  of  taxonomic  work  as  indicated  by  pub- 
lications calls  for  a  little  consideration.  Human  interest  in 
plants,  as  in  nature  generally,  appears  to  have  begun  in  post 
cases  by  the  observation  of  useful  and  injurious  or  mysterious 
things ;  but  before  the  information  of  the  individual  could 
become  public  knowledge  it  was  necessary  to  mark  differences 
between  things  and  to  name  or  otherwise  designate  them  intel- 
ligibly. It  is  therefore  natural  that  taxonomy  and  nomen- 
clature, in  one  form  or  other,  and  however  they  may  have 
been  designated,  should  have  played  an  equal  part  with 
economic  observation  in  even  the  earlier  studies  of  plants  ; 
and  it  is  not  at  all  surprising  that  the  first  real  science  of 
botany  should  have  been  developed  along  these  lines,  nor  that 
the  awakening  interest  in  other  lines  of  botanical  study  should 
have  failed  as  yet  to  attain  an  equal  position  as  regards  the 
number  of  botanists  concerned  with  them. 

It  is  also  a  very  natural  thing  that  the  abstract  idea  of  the 
distinguishable  groups  of  individuals  that  have  been  called 
species  should  have  been  ultimately  all  but  personified,  and 
erected  into  something  supposed  to  have  been  realities,  divinely 
established  and  immutable.  Even  those  of  us  who  have  not 
passed  middle  age  were  alive  when,  as  one  of  my  geological 
friends  has  expressed  it,  a  Species  was  treated  almost  like  a 
thing  that  had  legs  and  could  walk  ;  and  even  the  younger  of 
us  have  seen  the  idea  grow,  from  Darwin  and  Wallace  and 
Huxley  and  Gray,  through  the  scientific  circles  into  the  world 
at  large,  that  heresy  and  atheism  are  not  necessarily  implied 
in  the  belief  that  existing  species  are  descended  from  different 
earlier  species,  and  that  their  descendants,  in  all  probability, 
will  be  considered  as  yet  other  species. 

If  the  incident  had  been  closed  with  a  general  acceptance  of 
this  idea  of  the  mutability  of  species,  we  should  probably  have 
been  spared  some  trouble  which  we  are  now  experiencing  and 
which  we  are  actively  accumulating  for  transmission  to  our 
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followers  on  the  stage  ;  but  the  change  in  the  theoretical  way 
of  viewing  the  question  of  species  has  involved  many  practical 
changes  in  the  way  of  treating  them. 

In  some  pliable  groups,  the  expert  plant  breeder  is  quite 
willing  to  take  an  order  for  a  non-existent  garden  form  that 
differs  as  much  from  all  of  the  named  and  classified  plants  as 
one  species  does  from  another  in  nature,  and,  though  he  may 
not  give  a  bonded  guaranty  that  it  will  not  revert  to  some  other 
form  after  a  few  years,  it  is  quite  likely  to  transmit  its  char- 
acters for  a  considerable,  if  indefinite,  time  if  bred  true,  a  con- 
dition less  readily  applied  in  the  garden  than  among  species  in 
a  state  of  nature,  but  scarcely  more  negligible  in  the  one  case 
than  in  the  other.  Whether  or  not  we  are  to  call  the  most 
distinct  cultivated  forms,  some  of  which  have  been  deliberately 
evolved  by  the  gardener  and  some  of  which  have  originated  as 
sports  or  sudden  variants  of  either  wild  or  cultivated  plants, 
species,  is  rather  a  matter  of  agreement  than  anything  else, 
for  such  as  are  capable  of  perpetuation  by  ordinary  natural 
means  constitute,  in  fact,  groups  of  similar  individuals  of 
common  origin,  reproducing  their  kind,  which  is  about  all  that 
can  be  said  now  of  natural  species. 

The  growing  knowledge  of  the  great  and  immediate  plasticity 
of  species  has  led  to  a  considerably  greater  change  in  the  way 
of  viewing  them  in  the  abstract  than  even  that  which  the 
introduction  of  evolutionar>'  views  caused.  That  virtually  left 
them  as  real  concepts,  though  it  opened  a  vaguely  distant 
question  as  to  their  beginning  and  end,  but  this  brings  the 
beginning  and  end  so  close  together  as  to  cast  doubt  upon  the 
existence  of  species  at  all  as  definable  groups  having  any 
considerable  stability  in  time. 

I  can  distinctly  recall  the  thrill  of  surprise  with  which,  in 
my  student  days,  I  heard  of  the  belief  of  a  distinguished  Ger- 
man professor,  that  species  as  known  in  other  plants  and 
animals  probably  did  not  exist  among  the  bacteria.  I  felt 
grateful  later  that  the  American  flora  contains  fewer  repre- 
sentatives of  Hieracium  than  are  found  in  Europe,  when  I  saw 
the  desperate  efforts  that  the  Germans  ha\^made  todisting^sh 
these  difficult  plants  :  and  the  polymorphism  of  the  European 
brambles  made  apparent  equal  reason  for  thankfulness  that 
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American  institutions  are  simpler  also  in  that  genus.  But  the 
rehabilitation  of  synonyms  and  varieties  in  all  groups  that  the 
last  decade  has  witnessed,  and  the  increasing  rapidity  with 
which  the  species-splitting  knife  is  falling  upon  Antennaria, 
Sisyrinchium,  Viola ^  Cratcegus  and  many  other  genera,  have 
removed  any  such  misguided  thankfulness,  and  the  further 
separability  of  natural  plants,  even  on  the  old  lines  of  specific 
delimitation,  appears  to  be  coming  into  as  strong  evidence  on 
the  one  hand  as  the  gardener's  power  to  create  equally  distinct 
species  or  races  is  on  the  other. 

There  are  several  ways  in  which  these  admissions  may 
affect  our  judgment  and  actions.  Recognition  of  measurable 
parallelism  between  the  operations  of  nature  and  of  the 
gardener  goes  far  toward  removing  a  sentimental  objection  to 
considering  as  species  the  forms  which  the  latter  brings  into 
being,  but  the  treatment  of  both  natural  and  garden  forms  on 
a  uniform  basis  is  likely  to  modify  the  extreme  treatment 
which  would  otherwise  be  accorded  to  either.  The  garden 
forms  of  a  given  type  of  plant  are  often  so  numerous  and  so 
freely  subdivisible  as  to  threaten,  when  this  is  carried  out, 
either  a  very  undesirable  polynomial  nomenclature  or,  what  is 
worse,  the  multiplication  of  barely  separable  genera,  in  order 
that  the  facts  may  be  fully  expressed.  It  is  evident  that  too 
great  a  multiplication  of  genera  can  but  result  in  unwieldy 
complexity  of  system,  and  it  is  equally  evident  that,  the 
ultimate  purpose  of  the  systematist  being  to  classify  and 
describe  for  others  the  plants  which  actually  exist — whether  in 
the  woods  or  the  garden — he  must  not  be  content  with  dis- 
tinguishing between  the  more  easily  separated  only,  but  must 
provide  for  all  of  the  forms  which  either  the  botanist  or  the 
gardener  or  the  user  of  plants  for  manufacturing  and  other 
purposes  needs  the  means  of  separating. 

We  are  living  through  a  transition  period  in  our  science, 
iind  should  not  close  our  eyes  to  the  practical  meaning  of  the 
changes  in  our  beliefs.  We  are  carrying  on  a  movement  for 
so  classifying  all  groups  of  plants  as  to  indicate  their  phylogeny 
by  their  position — or,  otherwise  stated,  we  are  continuing  the 
effort  of  our  predecessors  to  secure  a  natural  system  based  on 
real  affinity  rather   than  superficial  resemblance — and  at  the 
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same  time  we  are  beginning  to  recognize  that  the  groups  of 
individuals  that  we  call  species  are  of  every-day  value  only  in 
proportion  to  their  simplicity  and  definability.  Two  years  ago 
Dr.  Farlow  made  a  strong  statement  of  the  necessary  utilitarian 
trend  of  the  present  attitude  with  respect  to  species.  My  own 
belief  is  that  this  will  very  shortly  become  a  principal  guiding 
thought  in  the  work  of  all  describers  of  plants,  and  that  the 
old  idea  of  something  distinct  in  nature  between  the  concepts 
of  a  species  and  a  variety,  which  has  suffered  greatly  in  the 
changes  that  have  already  come  about  but  is  still  leading  to 
diverse  practices,  will  be  eliminated  as  a  factor  of  any  im- 
portance. 

In  the  address  referred  to.  Dr.  Farlow  likened  the  efforts  of 
the  descriptive  botanist  to  those  of  the  happy  possess9r  of  a 
kodak — snap-shotting  the  ever-changing  procession  of  nature. 
It  is  evident  that  if  the  facts  shown  have  changed  before  the 
picture  is  developed,  the  latter  can  be  of  value  for  comparison 
and  as  a  record  of  change  only  ;  but,  fully  as  we  may  believe 
now  in  the  changeableness  of  species,  I  think  that  most  of  us 
are  convinced  from  our  own  experience  that  the  span  of  human 
life  is  relatively  short  enough  to  prevent  discouragement  of  the 
best  work  of  which  the  taxonomist  is  capable,  if,  as  we  are 
more  and  more  coming  to  believe  necessary,  it  be  conformed  to 
utility  as  its  first  purpose — a  purpose  not  at  all  inconsistent 
with  phylogenetic  expression. 

One  of  the  questions  of  daily  growing  interest  and  import- 
ance is  that  of  the  authentication  and  preservation  of  type  ma- 
terial in  descriptive  natural  history.  It  is  probably  and  un- 
fortunately true  that  many  more  species  have  been  described 
originally  froiti  fragmentary  and  imperfect  material  than  from 
adequate  specimens,  and  it  sometimes  happens  that  the 
material  of  to-day  makes  possible  a  very  satisfactory  synopsis 
of  a  genus  or  family,  although  the  greatest  diflBculty  is 
encountered  in  attaching  to  the  different  species  the  namQ3 
which  were  originally  given  to  them.  This,  of  course,  is 
particularly  true  of  groups  in  which  specimens  are  made  with 
difficulty  or  are  easily  destroyed,  and,  as  with  Myicomycetes, 
it  sometimes  becomes  almost  or  quite  impossible  to  go  further 
back  in  the   application   of  names   than   some  comparatively 
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recent  monographer's  collections.  A  growing  disposition  is 
noticeable  to  subject  what  may  be  considered  type  specimens 
to  more  restricted  use  than  was  prevalent  even  a  few  years  ago, 
and  it  is  easy  to  see  that  with  the  daily  increasing  minuteness 
of  classification,  such  preservative  restrictions  are  likely  to 
increase  rather  than  diminish  as  time  goes  on.  In  some  of  the 
larger  collections,  the  type  material  is  already  being  removed 
from  the  general  collections,  and  type  collections  are  being 
formed.  I  have  no  doubt  that  a  clear  recognition  of  the 
meaning  and  importance  of  types,  cotypes,  topotypes,  etc. ,  as 
contrasted  with  ordinary  specimens,  will  ultimately  lead  to 
the  general  adoption  of  this  practice  and  to  a  prohibition  of  the 
mutilation  of  such  specimens  even  for  purposes  of  minute 
study,  as  complete,  if  not  as  sensational,  as  that  which  the 
sealing  of  the  cases  containing  Reichenbach's  orchid  types  for 
a  quarter  of  a  century  has  effected  in  that  family,  possibly  to 
the  ultimate  benefit  of  science,  but  certainly  to  the  impairment 
of  the  work  of  to-day.  What  are  to  be  regarded  as  types, 
cotypes  and  the  like,  for  Species,  it  is  not  difficult  to  see  in 
most  cases.  A  more  debatable  question,  which  indeed  affects 
all  of  the  groups  of  plants  superior  to  species,  in  which  are  to 
be  expected  ultimate  upheavals  quite  as  far-reaching  as  those 
which  we  see  to-day  in  the  lower  groups,  is  that  referring  to 
the  types  of  genera  and  still  higher  groups.  This  may  form 
the  subject  of  a  committee  report  at  this  meeting,  and  it  is  to 
be  hoped  that  conservative  and  sound  but  far-reaching  and 
uniform  action  may  be  secured  through  the  efforts  of  this  com- 
mittee of  the  Botanical  Club  and  of  the  Section. 

In  the  vice-presidential  address  before  this  Section  a  year 
ago,  Professor  Barnes,  speaking  from  the  point  of  view  of  the 
physiologist,  who  often  finds  plants  of  very  diverse  physio- 
logical behavior  pertaining  to  one  species  of  the  taxonomist, 
expressed  the  belief  that  the  plasticity  of  plants,  concerning 
which  much  has  been  learned  in  recent  years,  is  really  so  great 
that  it  is  almost  impossible  for  physiological  purposes  to  group 
together  any  individuals  except  those  growing  under  identical 
conditions ;  and  he  hazards  the  suggestion  that  the  present 
method  of  naming  plants  binomially  as  species  must  sooner  or 
later  give  place  to  some  other  and  radically  different  method. 


256  SECTION   G. 

The  dependence  of  the  morphologist  and  physiologist  upon 
the  taxonomist  is  indeed  quite  as  great  as  that  of  the  student 
of  geographical  distribution  and  the  cultivator  of  plants,  and 
any  classification  and  nomenclature  which  are  to  persist  as  of 
permanent  value  must,  of  necessity,  be  alike  useful  to  all  who 
are  interested  in  plants,  from  whatever  point  of  view.  What- 
ever value  the  studies  of  morphologists  and  physiologists 
possess  to-day  comes  from  coordination  and  generalization  in 
the  light  of  the  existing  classification  of  plants,  and  the  future 
development  of  these  studies  is  most  intimately  connected  with 
the  evolution  of  a  system  of  classifying  and  naming  plants 
which  shall  at  once  permit  of  the  ready  determination  and 
intelligible  designation  of  any  desired  group  of  comparable 
plants, — a  result  that  alone  can  avert  the  very  possible  danger 
of  a  scattering  of  energy  in  the  accumulation  of  information 
concerning  untold  myriads  of  individuals,  the  peculiarities  of 
which,  however  much  they  may  interest  and  occupy  the  stu- 
dent, can  scarcely  enter  into  science  until  coordinated  and 
generalized  on  rational  and  reasonably  permanent  lines 
intelligible  to  all  botanists. 

The  greater  part  of  the  species  and  varieties  that  pass  the 
necessarily  fine-meshed  sieve  of  to-day  are  published  and 
defined  apart  from  their  nearest  relatives,  so  that  their  authors 
are  commonly  spared  the  difficulty  of  really  arranging  them  in 
the  system,  and  it  is  doubtful  if  some  species  which  are  now 
being  published  would  really  stand  in  the  minds  of  their 
authors  were  the  latter  compelled  to  clearly  diflFerentiate  them 
in  a  comprehensive  treatment  of  the  genus  to  which  they  belong. 

Perhaps  the  most  instructive  current  effort  at  a  logical 
coordination  of  the  groups  of  high  and  low  degree  is  afforded 
by  the  synopsis  of  the  Middle- European  flora  now  being 
published  by  Ascherson  &  Graebner,  who  treat  the  broadly 
defined  groups  which  Linnaeus  would  have  called  species  as 
*  *  collective  vSpecies, ' '  as  subdivisions  of  which  they  then 
recognize  species,  subspecies,  occasionally  of  several  degrees, 
races,  varieties,  subvarieties,  and  sports.  To  subspecies  as 
well  as  species  and  collective  species  they  give  binomial  desig- 
nations, which  unfortunately  in  a  few  cases,  but  not  as  a  rule, 
are  identical.     A  very  good  idea  of  the  working  of  this  system 
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may  be  obtained  from  their  treatment  of  the  Cystea  angustata 
of  Smith,  or  the   Andropogon  niger  of  Kunth. 

If  the  need  of  subdividing  the  groups  of  plants  which  have 
heretofore  passed  as  species  were  no  greater  for  any  purposes 
than  for  the  determination  of,  for  instance,  the  wild  plants  of 
the  Middle-European  flora,  it  might  not  be  worth  while  to  follow 
this  subject  further  or  to  modify  a  treatment  which  gives  a 
possible  trinomial  for  any  form  which  the  authors  have  desired 
to  designate,  and  in  the  actual  synopsis  locates  this  form  in  its 
logical  position.  Unfortunately,  however,  unless  botany  for 
herborizers  is  to  be  a  thing  quite  apart  from  botany  for 
horticulturists,  the  general  monographer  of  Cystopteris, 
Athyriutn,  Andropogon,  Rubus,  or  Pyrus  must  soon  handle  a 
far  greater  number  of  forms  and  subforms  of  all  degrees  than 
have  been  attempted  even  in  the  most  comprehensive  schemes 
yet  published. 

Horticulturists  are  trying  to  distinguish  between  their  more 
transient  artificial  productions,  and  natural  forms  or  those  which 
are  more  closely  comparable  with  such  forms.  For  the  former 
they  are  trying  with  more  or  less  consistency  and  real  desire 
to  secure  the  uniform  adoption  of  simple  vernacular  names, 
while  for  the  latter,  perhaps  with  equal  consistency  and 
earnestness,  they  are  trying  to  follow  the  practice  of  the 
botanist,  so  far  as  they  can  ascertain  what  that  is.  The  actual 
result  of  this  effort  is,  for  instance,  to  recognize,  in  the  orchard 
and  the  market,  a  variety  of  Greening  apple  known  as  the 
Rhode  Island,  to  which  each  farmer's  son  and  each  clerk  in 
the  commission  house  receives  personal  introduction  as  he 
would  to  a  new  neighbor  or  a  new  customer,  and  the  dis- 
tinguishing marks  of  which  he  familiarizes  himself  with  as  he 
would  with  those  of  a  man  whom  he  might  want  to  know  if 
he  were  to  see  him  again. 

This  is  not  far  different  from  the  way  in  which  men  made 
themselves  acquainted  with  herbs  and  simples  before  the  day 
of  books.  It  is  very  good  so  far  as  it  goes,  but  it  is  neither 
scientific  nor  adapted  to  even  the  present  complexity  of  that 
theoretical  horticulture  which  every  year  is  finding  greater 
exemplification  in  practice.  To  advance  on  it,  the  gardener 
must  fall  back  on  the  botanist,  whose  task  will  be  to  system- 
17 
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atize  what  the  gardener  knows  and  what  his  own  broader 
knowledge  of  plants  may  add.  Now  the  simple  matter  becomes 
cx)mplicated.  Pynis  Malus,  for  example,  represents  a  species 
or  collective  species  under  which  many  hybrids  and  varieties 
now  hopelessly  jumbled  are  capable  of  arrangement  in  logical 
combinations,  through  which,  when  they  shall  have  been 
made,  the  trained  student  can  run  down  the  Rhode  Island  or 
the  Golden  Russet  with  just  as  great  facility  and  certainty  as 
he  can  now  determine  Ranunculus  septentrionalis  or  Trillium 
viridiflorum.  For  the  garden  name  of  the  apple,  Rhode  Island 
does  very  well,  but  for  its  botanical  designation  the  Latinized 
name  of  the  last  fairly  marked  form  of  Pyrus  Malus,  or  what- 
ever the  species  may  be  called,  is  wanted.  In  the  case  of 
Cystopteris  and  Ajidropogoji ,  already  referred  to,  this  would  be 
given  by  either  the  triuomal  Cystopteris  fragUis  angustata  or 
C.  eufragilis  angustata,  in  the  one  case,  and  Andropogon 
sorghum  nigerox  A.  cu sorghum  niger  in  the  other;  but  the 
actual  position  of  either  is  indicated  only  by  saying  Cystopteris 
fragilis  eufragilis  pinnatipartita  angustata,  for  the  one,  and 
Ajidropogon  sorghu7n  (sp.  coll.)  sorghum  eusorghum  obovatus 
niger,  for  the  other.  I  fear  that  the  true  expression  of  the 
facts  in  many  genera,  under  the  present  system,  would  be 
likely  to  result  either  in  a  polynomial  as  long  as  those  used 
before  Linnaeus'  somewhat  arbitrary,  but  masterly  and  helpful 
simplification  of  nomenclature,  and  without  the  descriptive 
value  of  the  old  phrases,  or  in  the  erection  of  genera  nearly 
on  the  lines  of  the  Linnaean  species. 

Either  of  these  results  is  unpleasant  to  contemplate,  and  we 
may  well  inquire  if  they  represent  the  only  possible  solutions 
of  the  problem  of  even  a  much  finer  specific  difiFerentiation 
than  fs  now  prevalent.  A  generation  ago  the  best  botanists 
would  not  have  looked  with  favor  on  a  proposal  to  separate 
species  on  as  fine  lines  as  the  more  conservative  botanists  now 
see  to  be  logical  as  well  as  desirable.  Perhaps  the  botanists 
of  to-day  may  not  be  prepared  for  even  as  radical  a  change  as 
the  separate  nomenclature  of  collective  species,  species,  sub- 
species, and  varieties  has  already  brought  to  them  ;  but  I  am 
not  sure  that  the  botanists  of  the  next  generation  will  not 
carry  out  a  simplification  of   the  present  system — which  by 
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that  time  promises  to  be  most  unwieldy — that  shall  be  quite  as 
helpful  as  that  which  won  Linnaeus  the  gratitude  of  his 
followers  and  which  we  could  not  do  without  in  the  present 
state  of  the  science. 

I  have  been  tempted  to  enlarge  on  this  point  and  to  exem- 
plify the  idea  that  I  have,  by  a  concrete  illustration  based  on 
some  genus  of  plants  in  which  the  number  of  minute  forms  to 
be  distinguished  is  already  very  large  ,  but  I  shall  content 
myself  by  saying  that  the  idea  that  I  have  of  such  a  reform 
is  strongly  foreshadowed  in  the  practice  already  introduced  of 
binomially  designating  collective  species  and  subspecies  as  well 
as  species  ;  and  it  goes  so  far  as  the  employment  of  binomials 
down  to  one  remove  from  the  ultimate  subdivisions  of  culti- 
vated plants  designated  by  vernacular  names.  For  many 
writers  on  the  broader  facts  of  plant  distribution  and  plant 
properties,  the  Linnaean  conception  of  species  is  and  will  be 
sufficient,  and  alone  applicable.  For  such  persons,  for  instance, 
the  name  Cystopteris fragilis  or  Andropogon  sorghum  is  satis- 
factory. The  necessary  degree  of  subdivision  will  always 
vary  according  to  the  particular  purpose  and  knowledge  of  the 
writer  who  may  care  to  go  further  than  this.  For  one, 
Cystopteris  eufragilis  will  be  sufficient  ;  for  another,  C.  pijina- 
tipartita  or  an  equivalent  binomial  ;  for  another,  C  angustata  ; 
while  still  another  may  find  it  desirable  to  specify  by  not  to 
exceed  a  trinomial  a  subdivision  of  the  latter  of  perhaps  three 
or  four  degrees  removal.  The  practical  result  that  I  foresee, 
then,  is  the  ultimate  uniform  establishment  of  species  of 
several  grades,  each  binomially  designated  and  its  grade, 
perhaps,  indicated  by  typographical  means  or  the  employment 
of  a  brief  symbol  connected  with  the  name,  unless,  after  the 
present  nomenclature  storm  shall  have  blown  by,  as  it  surely 
will  before  this  point  is  reached,  it  be  indicated  by  the  adop- 
tion of  uniform  endings  for  the  specific  names  of  each  grade. 

I  can  easily  fancy  a  distinct  protest  at  the  violence  that  any 
such  plan  will  do  to  our  present  treatment  of  species,  and  a 
further  and  greater  protest  against  the  possible  modification  of 
prior  specific  names  in  the  interest  of  uniformity.  A  contem- 
plation of  the  results  of  the  current  nomenclature  reform 
makes  me  share  in  the  feeling  which  could  prompt  such  a  pro- 
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test,  yet  I  venture  to  believe  that  the  conservatism  which 
opposed  and  still  opposes  the  relatively  trivial  priority 
upheaval  that  was  to  have  produced  a  uniformity  in  plant 
names  that  some  botanists  are  still  anxiously  awaiting,  rests 
upon  qualities  that  are  more  likely  to  favor  than  oppose  a  far 
greater  and  even  radical  change  in  the  way  of  naming  plants, 
when  such  a  change  shall  have  become  necessary  as  a  matter 
of  practical  utility — as  it  is  likely  to  sooner  than  most  of  us 
suspect. 

One  of  the  most  serious  tasks  of  the  investigator  of  the 
twentieth  century  will  be  the  utilization  of  the  knowledge 
resulting  from  the  work  of  his  predecessors  in  the  field  which 
he  may  select  for  his  own  activity.  The  rapid  increase  in 
specialization  compels  him  to  begin  his  own  productive  studies 
at  an  advanced  point,  while  the  mass  of  material  and  the  array 
of  facts  over  and  through  which  he  must  clamber  before  reach- 
ing his  own  starting  point  constitutes  a  growing  handicap, 
against  the  beginner  and  likely  often  to  discourage  him  and 
not  infrequently  to  make  him  a  loser  from  the  start  in'the  race 
for  recognition  and  fame,  but  in  his  favor  after  he  shall  once 
have  left  it  to  his  followers.  Very  probably,  much  that  he  has 
learned  at  the  start  will  have  to  be  unlearned  later  and  no 
doubt  might  better  not  have  been  learned  at  all,  for  it  is  an 
unpleasant  fact  that  little  progress  in  any  direction  is  made 
without  the  aid  and  embodiment  of  theories  and  hypotheses, 
many  of  which  of  necessity  are  tentative  and  sooner  or  later 
prove  to  be  wrong,  and  that  few  wrong  hypotheses  fail  to  leave 
a  long  persistent  trail  of  erroneous  reasoning  and  even  of 
observation  so  badly  warped  as  to  be  absolutely  misleading  ; 
but  aside  from  what  is  faulty,  there  is  being  brought  together 
daily  an  overwHelming  mass  of  information  of  the  gpreatest 
use,  so  that  everything  must  be  tested  step  by  step  as  any 
piece  of  investigation  proceeds,  and  the  faulty  detected  and 
rejected,  while  the  trustworthy  is  built  into  the  foundation  on 
which  the  author's  own  conclusions  are  to  rest. 

No  doubt  after  assimilating  the  principal  knowledge  of  the 
past,  every  original  and  really  productive  worker  would  feel  a 
sense  of  relief  if  he  could  wipe  out  the  records  of  this  knowl- 
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edge.  Their  existence  virtually  compels  him  to  burden  his 
own  discussion  of  the  subject  with  an  analysis,  commendatory 
or  critical,  of  all  that  has  been  said  of  it  by  his  predecessors, 
— failing  in  which,  he  leaves  to  those  who  follow  him  the  con- 
clusion either  that  he  has  not  considered  the  facts  and  deduc- 
tions of  earlier  students,  or  that  none  exist.  The  presump- 
tive value  of  his  own  work  must  of  necessity  be  greatly 
weakened  if  the  first  opinion  is  held,  and  in  the  other  event  he 
is  likely  to  seem  to  pose  as  a  leader  when  to  the  discriminating 
eye  he  is  merely  a  follower. 

No  small  part  of  the  difficulty  of  reaching  the  point  where 
one's  own  additions  to  science  begin  comes  from  the  fact  that 
the  work  of  those  who  have  gone  before  him  is  commonly 
fragmentary  and  disjointed.  It  is  a  first  principle  in  research 
that  no  accurately  observed  fact  is  valueless,  but  its  value  lies 
chiefly  in  its  comparability  with  other  facts.  As  a  rule, 
thought  or  observation  on  any  subject  stimulates  the  further 
elaboration  of  that  subject,  by  drawing  attention  to  minutiae 
which  any  observant  person  may  then  note,  though  he  might 
not  have  thought  of  connecting  them  himself.  Science  has 
been  both  advanced  and  retarded  by  the  observation  and 
record  of  isolated  facts, — advanced  when  observation  has  been 
followed  by  further  study  and  the  knitting  to  it  of  other 
pertinent  observations  or  when  it  has  proposed  a  new  line  of 
study  awaiting  a  mind  great  enough  to  grasp  it,  but  retarded 
when  straws  have  merely  been  added  to  the  burden  carried  by 
the  world  of  learning. 

The  botany  of  antiquity  and  of  the  Middle  Ages  was  chiefly 
a  disjointed  discussion  of  plants,  largely  with  reference  to 
their  uses,  and  not  a  little  mixed  with  mythology  and  the 
fables  of  travelers,  whose  talents  in  our  time  would  have 
proved  invaluable  to  the  daily  press.  Without  disparagement 
to  the  great  men  who  went  before  him,  Linnaeus  may  be  said 
to  have  been  the  first  naturalist  whose  mind  grasped  number- 
less details  with  sufficient  precision  to  really  systematize  them, 
just  as  in  our  own  century  Darwin  stands  far  out  from  his 
fellows  in  the  same  respect,  the  power  to  handle  and 
coordinate  isolated  facts  which  all  of  his  work  shows  being 
particularly   evident   in  the  treatment  of  the  great  mass  of 
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heterogeneous  matter  on  which  were  based  his  generalizations 
as  to  the  variations  of  animals  and  plants  under  domestication. 

Ours  has  been  a  century  of  accumulation  and  of  utilization. 
It  would  be  unjust  to  ourselves  and  our  immediate  predecessors 
to  say  that  great  laws  have  not  been  reasoned  out  from 
observed  facts  in  larger  measure  even  than  ever  before,  not- 
withstanding the  advanced  point  at  which  science  stood  when 
the  century  opened  ;  it  would  be  also  in  obvious  conflict  with 
the  truth  to  say  that  the  world  of  manufactures  and  of  com- 
merce has  not  been  most  apt  to  seize  upon  and  employ  the 
more  salient  discoveries  of  science,  often  in  a  manner  not 
dreamed  of  by  the  discoverers ;  but  it  may  still  be  said  that 
the  century  just  closing,  great  as  have  been  its  advances,  has 
been  a  century  of  accumulation  beyond  assimilation,  a  period 
of  roughing  out  and  of  laying  away  lumber  far  in  excess  of 
its  employment  as  joists  and  sills  and  boards  in  the  gpreat 
structure  of  human  progress. 

If  the  evidence  of  the  times  may  be  trusted,  the  next 
century  is  to  be  marked  by  a  still  greater  productive  activity. 
Specialization  and  the  attendant  division  of  labor  can  have  no 
result  more  logical  than  this.  Though  it  may  suit  our  con- 
venience to  speak  of  centuries,  we  know  the  pure  artificiality 
of  such  divisions  of  time,  and  although  still  in  the  nineteenth 
centurj*,  we  may  with  all  propriety  count  ourselves  of  the 
twentieth  and  project  the  actix-ities  and  tendencies  of  to-day 
into  the  morrow;  but  the  same  drift  of  the  straws  which 
points  to  a  still  greater  accumulation  of  minutiae  during  the 
centur>-  we  are  so  soon  to  enter  on  shows  with  equal  proba- 
bility that  its  passage  is  to  be  marked  by  a  coordination  of 
isolated  obserxations  and  discoveries  far  greater  than  the 
world  has  ever  before  witnessed. 

To  this  ver>-  desirable  end  we  of  the  present  daj-  may  con- 
tribute to  no  small  degree.  Our  discoveries,  as  has  been  said 
already,  are  at  once  the  handicap  and  the  foundation  stones 
of  the  men  who  are  to  take  our  places.  The  manner  in  which 
we  leave  the  recx>rds  of  what  we  have  done  decides  in  large 
part  the  preixMidoranct?  of  its  utility  o\-er  its  obstmctiveness, 
and  in  many  cases  may  even  determine  whether  it  might  not 
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better  have  been  left  undone.  It  is  easy  to  justify  ourselves 
to  a  certain  extent  when  we  do  not  do  the  right  thing,  by 
pleading  that  we  did  not  know  what  the  right  thing  was, 
because  we  interested  ourselves  only  in  a  limited  part  of  what 
ought  to  have  been  handled  as  a  whole,  and  that  posterity 
ought  to  be  grateful  for  the  substance  of  our  contributions 
without  being  too  critical  as  to  their  form  and  accessibility  ; 
but  we  are  not  likely  to  go  far  wrong  if  we  assume  that  few 
of  us  who  contribute  isolated  and  disjointed  facts  and  obser- 
vations will  ever  be  called  blessed  by  coming  generations  in 
more  than  an  undertone,  that  appellation  being  reserved  for 
those  who  have  builded  from  as  well  as  hewn  out  their  mate- 
rial, and  for  those  who,  even  without  directly  contributing  to 
observed  facts,  have  justly  valued  the  facts  ascertained  by 
others  and  have  grouped  and  shaped  and  utilized  them. 

If  it  could  be  done  within  the  time  that  I  have  proposed  to 
occupy,  I  should  like  to  consider  in  detail  the  entire  matter  of 
publication,  which  is  in  need  of  much  more  thought  and  con- 
certed action  than  has  yet  been  bestowed  upon  it.  I  fear  that 
the  amount  of  time  and  thought  devoted  to  the  publication  of 
the  results  of  a  given  piece  of  research  work  is  often  dispro- 
portionately small,  the  fact  that  they  are  published  at  all 
apparently  serving  the  author's  purpose  without  much  regard 
to  the  manner  in  which  they  are  brought  out.  Publication 
facilities  at  one  time  were  few  and  not  readily  obtained,  but 
to-day  the  trouble  is  rather  that  they  are  so  numerous  and  so 
generally  available  that  even  matter  unworthy  of  publication 
can  easily  be  brought  out,  and  that  the  authors  of  meritorious 
articles  are  tempted  not  to  look  far  before  publishing  their 
work,  but  to  drop  it,  hit  or  miss,  into  the  nearest  press,  with- 
out correlation  with  other  comparable  matter  or  even  with  the 
articles  to  which  it  stands  in  juxtaposition,  and  with  too  little 
thought  of  the  convenience  of  those  who  are  to  use  it.  It 
sometimes  happens,  too,  that  in  their  zeal  they  issue  simulta- 
neously or  otherwise  copies  of  their  manuscript  to  several 
societies  or  journals,  so  that  the  original  place  of  publication 
of  the  article  is  now  and  then  rendered  very  questionable. 

I  should  not  wish  to  seem  captious  in  making  these  state- 
ments, for  nothing  is  further  from  my  purpose  than  destruct- 
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ive  criticism ;  but  in  view  of  the  growing  amount  and  com- 
plexity of  scientific  publication,  I  believe  that  the  real  needs 
of  the  users  of  botanical  literature  demand  more  careful  con- 
sideration than  they  have  heretofore  received,  and  that  this 
consideration  will  easily  lead  to  a  number  of  reforms  which 
are  perfectly  within  the  power  of  both  author  and  publisher. 

Reference  has  been  made  already  to  the  fact  that  a  majority 
of  periodicals  are  of  very  mixed  contents.  So  far  as  societies 
are  concerned,  the  greater  number  of  these  bodies  have 
originated  primarily  for  the  development  of  local  interests, 
and  of  necessity  these  interests  have  been  diverse.  For  their 
own  direct  purposes,  the  heterogeneity  referred  to  works  very 
little  harm,  and  for  the  bibliographer  it  is  the  less  troublesome 
because  the  ver>'  condensation  of  the  miscellaneous  matter  in 
a  local  publication  places  a  large  part  of  it  where  it  would 
naturally  be  Sought.  The  direct  purpose  of  the  publication 
provisions  of  nearly  all  such  bodies  being  not  only  to  secure 
the  permanent  recording  of  obser\'ation  but  to  furnish  the 
means  of  building  up  a  librar>'  by  way  of  exchange,  it  is 
probable  that  the  partly  undesirable  mixed  contents  of  the 
larger  number  of  society  publications  will  continue  still  for  a 
very  long  time,  but  it  is  encouraging  to  notice  that  some  of 
the  greater  foreign  societies  have  long  since  differentiated 
along  main  lines  in  their  publication,  while  within  recent  years 
a  further  specialization  has  been  effected  in  a  number  of 
others,  notably,  for  our  own  country,  the  California  Academy 
of  Sciences,  and  such  differentiation  is  easily  foreseen  in  others 
as  their  membership  and  acti\*ity  increase,  through  the  for- 
mation of  sections,  each  de\'Oted  to  some  particular  science, 
the  more  strongly  represented  and  acti\-e  sections  being  almost 
certain  ultimately  to  secure  the  separate  publication  of  their 
matter. 

For  the  journals  which  do  not  emanate  from  learned  bodies, 
the  problem  is  a  simpler  one.  We  already  ha\'e  numerous 
examples  of  a  primary  differentiation  into  popular  and  techni- 
cal journals.  The  former  can  hardly  fail  to  be,  for  the  most 
lurt,  of  luii^xllamvus  c\Mitents.  because  they  are  intended  to 
keep  all  j^ersons  intcrcstcii  in  science  at  large  informed  on  the 
advances  wliich  are  K^iig  made  in  its  se\-eral  departments. 
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Familiar  illustrations  of  successful  journals  of  this  kind  are 
Die  Natur,  the  Naturwissenschaftliche  Rundschau,  Nature, 
Science  Gossip,  Science,  The  American  Naturalist,  and  the 
Popular  Science  Monthly,  not  to  mention  others  of  a  list  which 
might  be  greatly  extended.  Even  among  these,  however,  as 
the  examples  named  may  serve  to  show,  there  is  a  considerable 
specialization  on  subject  lines,  and  the  present  issuance  of 
Science  and  the  Popular  Science  Monthly  under  one  editorial 
management  may  be  taken  as  representative  of  a  process  of 
evolution  in  active  progress,  by  which  even  the  less  technical 
journals  are  differentiating  into  classes  adapted  to  readers 
engaged  in  active  scientific  work  and  persons  having  an 
interest  in,  but  not  directly  engaged  with,  such  work. 

One  further  differentiation  that  is  becoming  a  pressing 
necessity  is  that  which  shall  result  in  a  considerable  improve- 
ment in  the  specialist's  means  of  keeping  himself  informed  on 
what  has  been  done  in  his  own  specialty.  I  do  not  refer  to 
the  popular  or  general  presentation  of  the  more  striking 
results  of  current  activity,  which  can  be  obtained  from  the 
general  journals  or  those  devoted  to  each  particular  branch  of 
science,  but  to  something  which,  of  necessity,  must  be  limited 
to  that  branch  and  which  must  be  complete.  Many  of  the 
proceedings  of  societies  and  of  the  journals  publish  very 
helpful  bibliographies  at  short  intervals,  and  the  Botanisches 
Ceyitralblatt  is,  in  large  part,  devoted  to  this  purpose,  while  the 
Jahj'esbericht,  taking  more  time  than  is  possible  for  a  current 
periodical,  summarizes  and  indexes  with  much  greater  fullness 
current  botanical  literature.  Unfortunately,  the  Jahresbericht 
is  so  greatly  delayed  that  a  period  of  several  years  elapses 
before  its  pages  afford  information  on  any  given  piece  of  work, 
and  it  is  difficult  to  see  how  this  can  be  otherwise,  in  view  of 
the  care  which  is  expended  in  the  tabulation  and  coordination 
of  its  contents  ;  but  without  this  tabulation  and  coordination, 
it  does  not  seem  to  be  impossible  to  secure  a  very  prompt 
synopsis  of  all  that  is  issued  in  botanical  literature.  The 
machinery  for  doing  this  is  already  organized  in  the  bureau 
of  the  Centralblatt ,  and  it  is  difficult  to  see  why  all  that  is 
needed  cannot  be  supplied  through  this  channel,  if  the  pub- 
lishers can  be  convinced  that  the  botanical  public  would  much 
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rather  subscribe  for  a  bibliographic  journal  in  which  all 
abstracts  are  of  short  length  and  synoptic  character,  than  for 
one  in  which  many  abstracts  are  entirely  disproportionate  in 
length  to  the  importance  of  the  papers  they  refer  to,  to  the 
exclusion  of  others,  while  the  introduction  of  original  matter 
forces  into  a  supplementary  journal  no  small  part  of  the 
reviews  that  are  given.  Professor  Fajrlow  has  very  well  dis- 
cussed this  subject  in  a  recent  number  of  one  of  the  botanical 
periodicals,  and  it  is  hoped  that  the  action  initiated  at  the 
naturalists'  meeting  last  winter,  which  is  likely  to  be  brought 
up  by  a  committee  report  before  this  Section,  may  here  find 
important  support,  so  that  either  a  separation  may  be  secured, 
of  the  Centralblatt  and  its  Beihefte  into  two  journals  capable 
of  being  subscribed  for  separately  and  permitting  the  desired 
completeness  of  bibliography,  or  other  practicable  means 
evolved  for  attaining  this  end. 

Some  years  ago,  the  members  of  this  Association  listened 
with  no  little  interest  to  Dr.  Herbert  Haviland  Field's  expla- 
nation of  the  purposes  of  his  then  proposed  * 'Concilium 
Bibliographicum,"  which  has  since  begun  operations  in  Ziirich 
and  I  understand  is  prepared  to  include  botany  among  the 
subjects  that  it  handles.  It  is  a  matter  for  regret  that  the 
Royal  Society's  proposal  for  an  international  catalogue  of 
current  literature  has  failed  to  materialize  for  the  time  being, 
but  it  is  possible  that  if  a  satisfactory  purely  botanical 
bibliographic  journal  cannot  be  secured,  this  scheme  can  still 
be  put  into  practical  motion.  In  one  way  or  another,  in  any 
event,  it  is  certain  that  some  provision  of  the  kind  must  be 
secured  within  a  very  few  years. 

However  specialized,  publications  considered  as  a  whole  are 
in  need  of  far  more  careful  editing  than  they  commonly 
receive.  The  author  who  prepares  manuscript  for  publication 
is  more  likely  than  not  to  cast  it  in  final  form  with  reference 
only  to  what  he  says  in  it  or  what  he  himself  may  have  already 
published  or  may  expect  to  publish  at  some  future  time,  and 
the  result  of  this  disjointed  treatment  is  perhaps  most  readily 
seen  when  some  subsequent  compiler,  let  us  say  of  a  popular 
flora,  copies  side  by  side  the  descriptions  of  a  number  of 
writers.     The  most  diverse  phraseology  is  at  once  evidenced, 
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although  the  compiler,  on  the  basis  of  his  own  information, 
may  have  attempted  to  unify  the  matter  somewhat.  Com- 
parable things  are  treated  in  different  paragraphic  location  ; 
similar  facts  are  stated  in  dissimilar  phraseology  ;  and  a  char- 
acter strongly  emphasized  under  one  species  is  not  at  all  con- 
sidered in  another.  In  one  paragraph  a  certain  page  of  a  cer- 
tain book  or  journal  is  cited  in  one  form,  and  in  an  adjoining 
paragraph  in  another  form  and  perhaps  under  another  author, 
and  possibly  even  with  a  different  page  reference  in  case,  as  is 
often  true,  author's  separates  of  the  article  quoted  have  been 
issued  with  individual  pagination  and  even  plate  numbering. 

At  the  Botanical  Congress  held  in  Madison  in  1893,  ^^^s 
and  several  other  matters  calling  for  uniformity  of  treatment 
in  the  interest  of  clearness  were  referred  to  committees,  some 
of  which  reported  at  the  next  succeeding  meeting  of  this 
Section  or  of  the  Botanical  Club  of  the  Association.  The 
increase  in  intelligibility  and  simplicity  of  bibliographic 
citations  noticeable  of  late  years  is  an  encouraging  sign  that 
botanists  are  quite  willing  to  attempt  to  work  out  on  uniform 
lines  these  matters  which  are  of  interest  to  all  who  have 
occasion  to  consult  botanical  literature,  so  soon  as  the  method 
of  procedure  in  each  case  shall  have  been  carefully  codified 
with  reference  to  the  practical  difficulties  which  each  writer 
has  to  confront. 

Among  the  editorial  matters  to  which  really  this  question  of 
citation  pertains,  although  it  practically  falls  back  upon  the 
author,  should  be  mentioned  a  comparable  treatment  of  com- 
parable facts  expressed  by  diagrams,  curves,  formulae,  and 
the  like.  The  tendency  of  large  volume  in  any  publication  is 
to  economy  of  space  by  the  employment  of  symbols  or 
abbreviations,  which  must  be  learned  and  borne  in  mind  by 
every  reader  before  the  facts  which  they  stand  for  are 
intelligible.  If  these  symbols  could  be  standardized  for  all 
writers  who  use  this  means  of  expressing  their  facts,  it  would 
result  in  added  value  for  their  work  and  in  a  great  saving  of 
the  users'  time.  What  can  be  done  for  symbols,  however, 
cannot  always  be  done  for  what  are  treated  as  abbrevia- 
tions, because  of  the  fact  that  the  word  abbreviated  is  dif- 
ferent in  one  language  from  what  it  is  in  another ;  and  yet 
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there  is  no  doubt  that  much  improvement  can  be  effected  in 
this  direction,  while  a  perfectly  uniform  result  for  the  entire 
world  may  be  ultimately  attainable  by  falling  back  upon  the 
Latin  language  for  words  which  are  to  be  abbreviated. 

Detail  matters  of  this  kind  are  often  considered  too  trivial 
to  occupy  the  attention  of  a  body  like  a  section  of  the  American 
Association,  but  I  am  convinced  that  the  numerous  discussions 
which  have  taken  place  before  the  Botanical  Club  and  our  own 
Section  have  resulted  in  a  much  clearer  general  understanding 
of  the  proper  meaning  of  many  terms  that  most  of  us  use 
almost  daily,  than  would  otherwise  have  been  possible,  and 
that  each  of  us  has  profited  to  the  benefit  of  his  readers  by  the 
information  elicited  by  these  discussions  ;  and  I  cannot  con- 
ceive a  more  useful  way  of  spending  a  part  of  the  time  of  this 
body  each  year  than  in  the  discussion  of  subjects  of  this  kind, 
carefully  selected  and  referred  in  advance  to  members  or  com- 
mittees capable  of  diccussing  them  authoritatively  from 
different  points  of  view. 

Some  of  the  facts  of  plant  distribution,  whether  referring  to 
the  occurrence  of  a  given  genus,  species  or  variety  over  the 
earth's  surface  or  at  different  altitudes,  or  to  the  minuter 
details  of  distribution  necessary  for  an  accurate  presentation 
of  some  phases  of  ecology,  demand  the  use  of  maps,  more  or 
less  detailed  according  to  the  matter  to  be  presented.  Nothing 
is  simpler  than  to  so  shade  or  color  these  maps  as  to  indicate 
what  the  author  desires  to  bring  out,  but,  unfortunately, 
different  maps  dealing  with  the  same  general  facts  are  usually 
colored  very  differently.  Map  evolution  consists  primarily 
in  the  indication  of  physiographic  features,  on  which  political 
boundaries  are  more  or  less  artificially  superimposed,  the 
representation  of  geological  structure,  and  the  further  indication 
on  this  foundation  of  the  biological  facts  which  are  intended 
to  be  shown.  The  work  of  the  physiographer  and  geologist  is 
already  done  to  the  hand  of  the  botanist,  in  most  cases, 
but  when  it  is  not  he  is  early  confronted  with  the  need  of 
supplying  deficiencies  which  exist.  It  is  not  many  years  since 
the  geologists  turned  their  attention  to  a  standardization  of  their 
maps  which  is  already  simplifying  geological  literature.  Will 
it  not  be  better  for  botanists,   who  already  know  fairly  well 
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the  main  biological  facts  that  are  capable  of  expression  on 
maps,  to  confer  with  the  zoologists,  who  have  comparable 
though  different  needs  of  map  employment,  and  with  the 
geologists  and  topographers,  on  whose  work  both  can  most 
profitably  build,  so  as  to  secure  an  early  standardization  of 
method,  than  to  wait  until  the  otherwise  necessary  confusion 
due  to  independent  individual  practice  shall  have  forced  this 
upon  them  ?  I  cannot  conceive  a  better  outcome  of  the  con- 
ference to  be  held  this  summer  on  plant  geography  than  the 
appointment  of  a  committee  to  consider  this  question  in  detail, 
not  only  with  reference  to  their  own  needs,  but  to  the  needs  of 
botanists  at  large  and  in  consultation  with  those  in  other  parts 
of  the  world  who  are  considering  the  same  problem  and  the 
best  way  of  solving  it. 

If  I  have  confined  my  remarks  thus  far  to  details  of  internal 
editing,  I  should  not  wish  it  supposed  that  other  and  more 
general  matters  do  not  exist  which  are  worthy  of  equal 
thought.  No  small  part  of  the  confusion  in  citing  publications 
comes  from  the  issuance  of  the  same  matter  in  several  different 
places,  either  at  the  same  time  or  at  different  times,  either 
similarly  or  differently  paged,  not  infrequently  with  different 
titles,  and  sometimes  under  .a  title  so  phrased  as  to  give  no 
indication  of  the  contents.  Books  are  always  likely  to  undergo 
revision  between  different  editions  and,  unfortunately,  this  is 
sometimes  true  of  different  issues  which  do  not  purport  to  be 
editions,  and  an  article  once  published  in  a  journal  or  book 
which  is  not  copyrighted  becomes  by  common  acceptance  the 
property  of  the  world  and  may  be  reprinted  legitimately  under 
the  author's  name,  and  properly  with  the  further  citation  of 
the  original  place  of  publication,  for  an  indefinite  number  of 
times,  during  which  process  it  may  undergo  considerable 
modification.  It  is  difficult  to  see  how  this  can  be  avoided, 
and  it  is  difficult  to  see  how  reprints  can  be  cited  otherwise 
than  with  reference  to  themselves  and  their  original  sources, 
but  a  great  deal  of  confusion  may  be  avoided  if  writers  who 
have  occasion  to  refer  to  reprints  (in  contrast  to  separates)  will 
always  indicate  that  they  have  done  so. 

We  have  fortunately,  in  large  part,  passed  the  age  of 
secondary  titles,  and  it  is  a  matter  for  congratulation  that  it  is 
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now  rarely  necessary,  when  using  a  new  book,  to  give  a 
secondary  or  still  more  subordinate  title  as  a  means  of  specify- 
ing the  particular  work  referred  to  ;  and  the  citation  of  older 
books  makes  the  occasion  for  thankfulness  that  this  is  so,  very 
evident  to  all  who  use  the  library.  In  one  respect,  however,  a 
great  improvement  *is  needed.  Librarians,  who  are  a  very 
practical  set  of  people  whose  purpose  now  is  to  make  any  book 
quickly  accessible  to  anyone  who  knows  either  its  author,  title, 
or  subject,  have  adopted  somewhat  arbitrary  but  very  service- 
able rules  for  cataloguing  and  cross-referring,  intended  to 
secure  this  end.  With  an  isolated  book  comparatively  little 
difficulty  is  found,  but  between  distinct  books,  and  articles  in 
proceedings  or  other  periodicals,  there  is  an  insensible  inter- 
gradation,  owing  to  the  publication'of  series  of  various  degrees 
of  complexity,  which  are  calculated  either  for  the  convenience 
of  a  certain  class  of  readers,  the  glorification  of  the  author  or 
the  emolument  of  the  publisher,  or  are  necessitated  by  the 
great  development  of  institutional  research  and  publication. 

I  do  not  wish  to  cite  examples  of  terrible  things  to  be 
avoided,  which  even  a  casual  inspection  of  the  contents  of  any 
large  library  reveals,  but  I  should  not  wish  to  pass  the  subject 
by  without  caUing  attention  to  the  very  great  need  of  editorial 
reform  which  devolves  upon  those  who  are  charged  with  pub- 
lishing series,  and  particularly  those  whose  publication 
responsibility  is  so  great  as  to  force  upon  them  the  unquestion- 
ably necessary  establishment  of  such  differentiated  series.  In 
a  late  number  of  the  monthly  Public  Libraries,  Mr.  Reinick 
presents  a  suggestive  statement  of  a  librarian's  difficulties  in 
the  arrangement  and  cataloguing  of  the  United  States  Govern- 
ment documents,  which  is  worthy  of  perusal  not  only  by  libra- 
rians, but  by  persons  who  have  occasion  to  cite  such  documents 
and  those  who  are  concerned  with  their  publication.  Some 
four  years  since,  Mr.  Frank  Campbell,  of  the  library  of  the 
British  Museum,  published  a  series  of  essays  under  the  col- 
lective title  '  *  The  Theory  of  National  and  International  Bibli- 
ography," in  which  the  question  here  raised  is  given  instruct- 
ive if  perhaps  not  always  final  treatment.  No  one  who  has 
occasion  either  to  arrange,  catalogue,  or  use  the  publications  of 
the   various  branches   of   the  Indian  Government  or  of  our 
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Government,  or  the  publications  of  our  several  states,  or  of 
the  agricultural  experiment  stations  with  which  each  of  these 
states  is  now  provided,  or,  finally,  the  contributions  which  are 
emanating  from  the  more  important  research  centers,  chiefly 
in  the  form  of  separates  or  reprints  of  articles  originally  pub- 
lished in  magazines  or  the  proceedings  of  learned  bodies,  can 
fail  to  see  at  once  the  necessity  for  a  collective  treatment  of  all 
publications  organically  connected  in  their  origin,  and  the  fact 
that  Mr.  Reinick's  device  of  stamps  by  which  the  librarian 
can  supply  necessary  information  not  printed  on  the  title-page 
is  necessitated  if  the  members  of  a  given  series  are  to  be 
unquestionably  brought  together,  carries  between  the  lines  a 
suggestive  commentary  on  the  existing  facts. 

I  hope  that  I  have  sufficiently  brought  out  my  own  belief 
that  the  writer,  the  editor,  and  the  publisher,  who  frequently 
work  independently  of  one  another,  are  in  reality  tied  together 
by  a  very  close  bond,  in  so  far  as  they  are  aiming  at  the  real 
purpose  of  publication,  its  usefulness,  and  that  the  librarian, 
the  indexer,  and  the  reviewer  are  no  less  necessary  links  in  the 
chain  between  the  publishing  investigator  and  his  numerous 
and  increasing  readers.  The  practical  recognition  of  this 
intimate  connection  is  no  less  necessary  for  the  promotion  of 
the  rapid  advance  of  science  which  the  present  activity  of 
investigators  promises  than  the  unification  of  the  methods  of 
the  investigators  themselves,  and  can  no  doubt  be  secured  in 
the  same  manner. 

In  conclusion,  I  wish  to  ask  attention  for  a  few  minutes  to  a 
matter  of  prime  interest  to  all  botanists,  since  it  will  probably 
afiFect  the  very  prosecution  of  many  of  their  studies  before  the 
next  century  shall  have  been  closed.  I  refer  to  the  protection 
and  preservation  in  every  possible  way  of  our  native  and 
natural  vegetation.  To  the  systematist,  the  physiologist,  and 
the  morphologist,  this  is  alike  of  importance.  Agricultural 
lands,  in  the  main,  of  necessity  must  have  their  native  plants 
replaced  by  others  if  the  latter  are  more  valuable  to  man,  as 
surely  as  grazing  lands  have  been  stocked  with  cattle  after  the 
extermination  of  the  less  useful  bison.  But  the  erection  of  an 
agricultural  practice  based  on  a  preliminary  clearing  of  the 
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ground,  is  quite  different  from  the  denudation  of  the  land 
without  further  purpose  than  the  utilization  of  its  native 
products.  Primarily  the  question  is  an  economic  one  and  as 
such  it  interests  the  community  at  large  ;  but  it  is  also  a  ques- 
tion of  the  deepest  concern  to  science.  Climatology,  the  past, 
present  and  future  geographical  distribution  of  animals  and 
plants,  and  ecology  and  evolution  are  so  clearly  connected  that 
their  devotees  possess  a  common  interest  in  the  preservation  of 
natural  conditions  at  least  until  the  factors  in  biologic  nature 
shall  have  been  directly  ascertained  and  correlated  ;  and  I  need 
scarcely  add  that  what  has  thus  far  been  done  in  this  direction 
is  little  more  than  a  rough  blocking  out  for  the  future. 
Hence  it  is  that  local  societies  for  the  protection  of  animals 
and  plants  are  worthy  of  general  support  in  their  efforts,  and 
that  the  wide-spread  forest  protection  movement,  which  is  too 
commonly  looked  upon  as  simply  an  economic  or  sentimental 
matter,  should  receive  the  united  encouragement  and  support 
of  naturalists  and  meteorologists  as  a  movement  the  success  of 
which  alone  can  perpetuate  for  any  great  time  the  conditions 
upon  which  much  of  their  profounder  study  is  to  rest.  This 
Association  is  to  be  asked  to  endorse  an  effort  for  the  local 
preservation  of  the  red-woods  over  a  considerable  area  in 
central  California,  and  the  location  of  a  forest-reserve  in  the 
southern  Apalachians.  It  is  to  be  hoped  that  whatever  action 
may  be  taken  shall  rest  not  upon  hasty  impulse,  but  upon  such 
recognition  of  the  vast  scientific  as  well  as  utilitarian 
importance  of  this  movement  as  shall  insure  the  permanence 
of  our  interest  in  every  step  of  the  kind  which  may  originate 
in  the  future. 
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[titles  and  abstracts.] 

The  Bactkriai.  Fi,ora  of  the  Semi-desert  Region  of  New  Mexico 
WITH  EsPECiAi.  Reference  to  the  Bacteria  of  the  Air.  By 
John  Weinziri,,  Albuquerque,  New  Mexico. 

The  statement  is  quite  frequently  made,  especially  among  the  laity, 
that  bacteria  do  not  exist  or  are  not  capable  of  thriving  at  or  above  an 
altitude  of  5000  feet  above  sea-level.  In  order  to  present  facts  to  disprove 
this  false  idea,  and  so  deter  in  a  measure,  at  least,  the  careless  and  filthy 
habits  of  many  of  the  consumptives  who  visit  the  elevated  regions  for  the 
benefit  of  their  health,  and  too  often  to  the  detriment  of  the  well  popu- 
lation, these  investigations  were  undertaken.  The  work  has  been  in 
progress  during  intervals  for  more  than  two  years.  Most  of  the  deter- 
minations were  made  on  the.  "  mesa  "  near  the  University  of  New  Mexico 
situated  on  an  elevated  plain  about  one  mile  east  and  overlooking  the 
city  of  Albuquerque.  Determinations  have  also  been  made  at  other  points 
in  the  territory,  and  also  in  Albuquerque,  which  has  a  population  of 
10,000.  The  highest  elevation  at  which  observations  were  made  was  ap- 
proximately 7000  feet.  In  all  instances  bacteria  were  found,  and  that  in 
larger  numbers  than  had  been  expected  by  the  writer. 

Most  of  the  determinations  have  been  qualitative  in  character,  involv- 
ing simply  the  exposure  of  petri  plates  containing  a  layer  of  ordinary 
sterile  agar.  The  colonies  were  counted  when  well  developed.  Gelatin 
plates  were  also  tried,  but  were  not  found  to  be  as  satisfactory  as  the 
agar  plates. 

Some  quantitative  determinations  were  also  made.  The  sand  filter 
and  aspirator  tank  proved  the  most  satisfactory  method,  besides  possess- 
ing the  advantage  of  extreme  simplicity.  Determinations  made  in  the 
residence  portion  of  Albuquerque  give  approximately  one  bacterium  to 
seven  liters  of  air.  The  observations  on  the  "mesa  '*  are  not  as  numerous 
as  the  above,  but  these  show  less  than  one-half  that  of  the  figure  just 
given. 

More  than  a  dozen  species  of  bacteria  have  been  isolated  during  these 
investigations,  not  including  observations  made  in  the  city.  These  species 
have  been  grown  in  pure  cultures  and  fully  described.  All  appear  to  be 
new.  The  most  common  species  are  micrococci,  which  show  bright  colors 
on  agar  and  potato.  Spore  forms  are  exceedingly  rare. 
18 
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Search  has  also  been  made  for  the  common  forms,  such  as  B.  subtilis, 
etc.,  but  only  two  or  three  have  thus  far  been  found. 


On  the  Assimilation  of  some  Organic  Substances  by  Pi^ants.    By 
J.  F.  Clark,  Ithaca,  N.  Y. 

I.  Algae.  Spirogyra,  previously  carefully  destarched,  was  grown  in 
the  following  solution  : 

Ca(N08)j.. i.ogram 

KCl 0.5  gram 

MgSOi 0.2  gram 

KHjP04 0.2  gram 

Fe,Cle trace. 

One  liter  of  distilled  water  was-  added.  The  solution  was  well  boiled, 
and  placed  in  stoppered  culture  flasks,  through  which  a  current  of 
air  free  from  CO2  was  passed.  After  cooling,  i  per  cent,  of  the  organic 
compound  was  added  together  with  some  starch-free  algae,  the  latter  en- 
closed in  a  glass  cylinder,  the  ends  of  which  were  closed  by  linen  gauze. 
At  the  end  of  two  or  more  days  the  algae  were  tested  for  starch  by  de- 
colorizing in  alcohol  and  testing  with  a  solution  of  iodine  in  aqueous  po- 
tassium iodide. 

All  work  was  done  in  duplicate  and  repeated  at  least  once.  Checks 
with  tap  water,  instead  of  the  above  nutritive  medium,  were  also  used. 
Checks  in  both  nutritive  medium  and  tap  water  without  any  carbon  were 
also  prepared. 

II.  With  fungi  the  further  precaution  was  taken  to  test  all  salts  used, 
and  only  such  as  showed  no  carbon  present  either  as  carbonates  or  organic 
matter  were  used.  The  water  was  redistilled  from  a  potassium  perman- 
ganate solution. 

The  nutritive  medium  was  as  follows : 

NH4NO3 1.00  gram. 

MgSO^ 0.25  gram. 

KH2PO4 0.5    gram. 

Fe^Cl^ traces. 

Water  to  loo  cc. 
The  organic  substances  to  be  tested  were  added  in  i  per  cent,  concen- 
tration. 
The  algae  formed  starch  from  : 

OH 

1.  CHj'CgQ  ^        Formaldehyde  and  sodium  sulphouate  in  light. 

Fungi  failed  to  use  it  under  any  circumstances. 

2.  (CH2)gN4.     Hexamethyltetramine. 

Spirogyra  used  this  in  forming  starch,  enormous  masses  of  starch 
appearing  on  second  day. 
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3.  CHgCHjOH.     Ethyl  alcohol. 

Used  as  a  source  of  carbon  by  both  algae  and  four  species  (three 
genera)  of  fungi. 

4.  Methyl  alcohol,  CHH3OH. 

Used  by  algae  and  two  species  of  f  ung^  as  source  of  carbon. 

5.  CHsC<ijTT      Acetic  aldehyde  ammonia. 
Deleterious  to  both  algae  and  fungi. 


The  Composition  of  the  Endosperm  and  Milk  of  the  Cocoanut. 
By  J.  E.  Kirk  WOOD  and  Wii^uam  J.  GiES. 

The  analyses  reported  by  the  authors  are  intended  to  prepare  the  way 
for  exact  study  of  the  nutritional  changes  in  the  germinated  nut. 

The  milk  of  the  fresh  nut  is  acid  to  litmus  (acid  phosphates)  audits 
specific  gravity  averages  about  10.22.  It  quickly  sours  on  standing,  acidity 
increasing  as  fermentation  progresses.  Its  chief  constituents  are  water, 
carbohydrates,  and  saline  matters  ;  it  contains  only  traces  of  proteid  and 
fat.  General  analysis  of  the  milk  gave  the  following  average  data  : 
water  95.3  per  cent.;  solids  4.7  percent.  Of  the  latter  88.5  per  cent,  is 
organic  ;  11.5  per  cent,  inorganic. 

The  main  bulk  of  the  solid  matter  in  the  endosperm  consists  of  fat  and 
cellulose  ( "  crude  fibre  " ).  There  is  some  soluble  carbohydrate ;  a  small 
proportion  of  globulin  and  proteose ;  at  most  only  a  slight  quantity  of 
albumin ;  no  peptone.  The  globulin  has  been  separated  in  crystalline 
form  (octahedra  and  hexagonal  plates  mostly),  and  in  reactions  and  com- 
position corresponds  closely  with  edestin.  Its  coagulation  temperature 
varies  from  66°  to  79°  C.  with  different  conditions.  The  nitrogen  content 
of  the  purest  preparation  made  was  17.91  per  cent.;  the  ash,  0.13  per 
cent.  The  proteose  analyzed  contained  18.57  P^r  cent,  of  nitrogen  and 
1. 71  per  cent  ash.  The  fresh  endosperm  contains  0.75  per  cent,  of  nitro- 
gen, which,  multiplied  by  the  usual  factor  (6.25),  would  correspond  to 
4.7  per  cent,  "albuminoid."  Some  of  this  nitrogen,  however,  is  un- 
doubtedly closely  associated  with  the  non-proteid  fibrous  elements  ;  much 
of  it,  probably,  is  in  the  form  of  nitrogenous  extractive.  Very  active 
amylolytic  ferment  is  contained  in  the  endosperm — no  others  have  yet 
been  found.  These  and  various  other  points  are  still  under  investigation. 
The  following  figures  represent  the  average  general  composition  of  the 
endosperm  :  water  46  per  cent. ;  solids  54  per  cent.  Of  the  latter  98.  i 
per  cent,  is  organic  and  1.9  per  cent,  inorganic  ;  43.4  per  cent,  is  fat  and 
21.9  per  cent.  "  crude  fiber  "  (cellulose). 

While  this  work  was  in  progress  the  authors  accumulated  considerable 
data  on  the  gross  relationship  of  the  main  parts.  As  a  result  of  three 
dozen  observations  they  give  these  figures  for  the  average  weights  and 
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percentages:  whole  nut  610  grams;  integument  170  grams  (27.9  per 
cent.);  endosperm  333  grams  (54.5  per  cent.);  milk  107  grams  (17.6  per 
cent. ).    The  volume  of  the  milk  averaged  105  cc. 


The  Rheotrofism  of  Roots.    By  F.  C.  Newcombe. 
The  paper  deals  with  the  following  topics  : 

1.  Contributions  to  this  subject  by  Jonssen,  Berg,  and  Juel. 

2.  Description  of  methods  by  which  roots  are  induced  to  show  definite 
irritable  curves  in  streams  of  water. 

3.  The  phenomenon  of  rheotropism  is  widely  distributed,  but  not  shown 
by  all  plants.     It  is  not  confined  to  genetic  nor  to  ph3rsiological  groups. 

4.  The  effect  of  variation  of  stimulus.  The  limits  of  velocities  of  streams 
acting  as  stimulus. 

5.  The  location  of  the  receptive  zone ;  not  only  the  root-tip,  but  the 
whole  elongating  zone  is  sensitive. 

6.  Enquiry  after  the  true  nature  of  the  stimulus.     It  is  probably  that 
the  pressure  of  the  stream  is  not  the  stimulus. 


Concentric  Spore  Spots.  By  Byron  D.  Hai<sted,  Professor  of  Bot- 
any, Rutgers  College,  New  Brunswick,  N.  J. 

The  spores  of  parasitic  fungi  generally  reach  the  surface  of  the  host  for 
aerial  distribution  by  either  thehyphae  of  the  fungus  passing  out  through 
the  stomata,  and  afterward  bearing  the  spores  free  in  the  air,  or  in  form- 
ing in  masses  just  beneath  the  epidermis  through  which  they  break  and 
thus  become  litjprated.  The  peronosporas,  cercosporas,  ramularias  and 
macrosporiums  are  good  examples  of  the  first-named  method,  while  the 
Cystopus  and  Gloeosporium  are  instances  of  the  second  type,  which  in- 
cludes the  vast  number  of  members  of  the  true  rust  fungi.  In  Aecidiutn 
and  allied  genera  there  is  a  special  org^n  which  envelops  the  spores  and 
lifts  the  epidermis  and  bursts  open  as  a  deeply  seated  cup.  Similar  to 
this  is  a  large  number  of  the  fungi  imper/ecti  with  the  septorias  and 
phylostictas  as  types  where  the  pycnidium  makes  a  way  through  the 
epidermis  and  presents  its  mouth  free  for  the  discharge  of  the  spores. 

Those  fungi  that  produce  their  spores  directly  upon  the  surface  through 
the  stomata  have  their  area  of  sporification  defined  only  by  the  distribu- 
tion of  the  stomata  and  the  veins  and  veinlets  become  boundary  lines  in 
many  instances. 

When  the  fungus  has  the  habit,  as  in  the  rusts,  of  massing  the  sporifer- 
ous  hyphae  beneath  the  epidermis  a  new  set  of  conditions  is  introduced. 
It  is  found  in  such  by  microscopic  examination  that  the  portion  of  the 
host  just  beneath  the  rupture  is  almost  entirely  replaced  by  the  dense 
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plexus  of  fungus  hyphae,  and  the  host  tissue  is  destroyed  and  the  imme- 
diate threads  are  not  favorably  situated  for  further  growth. 

At  a  short  distance  from  the  sorus  in  all  directions  the  vitality  is  proba- 
bly greater  and  new  points  of  spore-production  are  established,  resulting 
in  a  secondary  circle  of  sori  surrounding  the  original  spore-spot.  The 
exhaustion  of  this  circle  might  be  followed  by  a  second  ring  of  sori,  each 
sorus  more  or  less  crescent  shaped  until  the  host  might  show  **  fairy 
rings  *'  as  real  as  those  in  the  lawn  or  meadow  and  for  a  similar  reason. 

Plants  showing  this  concentric  growth  and  fruitage  of  its  fungous  p>ara- 
site  are  numerous.  Among  those  best  illustrating  the  phenomenon  are 
Cystopus  candidus  (P.)  upon  Bursa  ^  Nasturtium^  and  several  other  Cru- 
ciferae;  Puccinia  asparagi  D.  C.  upon  Asparagus  officinale  T,.\  Puccinia 
Arenaria  (Schum)  on  Dianthus  barbatus  \,.\  oxid,  Puccinia  Hieracii, 
upon  Chrysanthemum  Sinense  Sab. 

All  of  these  were  shown  by  means  of  microphotographs. 


An  Anthracnose  and  a  Stem  Rot  of  Antirrhinum  Majus  L.  By 
F.  C.  Stewart,  Botanist  of  the  N.  Y.  Agr'l  Expt.  Sta.,  Geneva,  N.  Y. 

Antirrhinum  majus  is  subject  to  two  destructive  diseases:  (i)  An- 
thracnose caused  by  a  new  species  of  Colletotrichum  for  which  the  author 
proposes  the  name  Colietotrichum  antirrhini  ;  (2)  A  stem  rot  caused  by 
an  undetermined  species  of  Phoma. 

The  Colletotrichum  is  destructive  to  plants  of  all  ages  at  all  seasons, 
both  in  the  greenhouse  and  in  the  field.  It  produces  numerous  elliptical 
depressed  spots  on  the  stems  and  circular  dead  brown  spots  on  the  leaves. 
It  fruits  sparingly  except  in  a  very  moist  atmosphere.  It  has  been  suc- 
cessfully combatted  by  spraying  once  a  week  with  Bordeaux  mixture. 

The  Phoma  attacks  the  stems,  causing  sections  an  inch  or  more  in 
length  to  turn  brown  or  black.  The  attack  may  be  made  at  any  point 
on  the  stems  above  ground,  but  is  most  likely  to  occur  a  few  inches  below 
the  tips  of  succulent  shoots.  The  portion  of  the  shoot  beyond  the  point 
of  infection  quickly  wilts  and  dies.  Inoculation  experiments  with  pure 
cultures  of  the  Phoma  have  shown  that  it  is  an  active  parasite  on  succu- 
lent shoots  but  attacks  woody  stems  with  difficulty. 


The  North  American  Sordariaceae.  By  David  Griffiths,  Tuc- 
son, Arizona. 

Work  on  this  family  of  Pyrenomycetes  which  has  been  in  progress  far 
some  time  has  revealed  some  things  of  interest.  The  investigation  has 
been  conducted  with  reference  to  the  following  points : 

I.  Systematic  relations. 
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2.  Habitat  and  distribution. 

3.  Cultural  methods. 

4.  Development. 

5.  Vitality  of  the  spores. 

6.  Mechanics  of  spore  dissemination. 


Notes  UPON  Pkttandra  Kvsr  {CoenturUs  Caladii).    By  Frrdbrick 

H.  Bl,ODGETT. 

The  aecidial  stage  of  this  fungus  was  observed  in  great  abundance  at 
the  beginning  of  the  third  week  of  May,  in  Bronx  Park.  By  the  end  of 
the  first  week  of  June  the  uredo  stage  was  found  upon  the  blades  of  leaves 
which  were  already  infested  with  the  aecidial  son  upon  the  midribs  and 
petioles. 

Badly  rusted  petioles  were  frequently  attacked  by  a  bacterial  rot,  caus- 
ing in  many  cases  a  collapse  of  the  stem  a  little  above  the  water  line. 
The  bacterial  rot  appears  as  elongated,  slightly  sunken  areas  upon  the 
petioles  or  midribs.  Some  of  the  ducts  within  the  stem  are  discolored  in 
the  vicinity  of  the  bacteriosis.  By  lateral  and  vertical  spread  of  the  bac- 
teriosis  the  entire  stem  is  soon  rotted  off. 

Germination  tests  with  aecidia,  and  uredo  spores  were  made,  both  pure 
and  with  Darluca  to  observe  the  behavior  of  the  latter  when  in  associa- 
tion with  germinating  spores  of  Uredineae. 


A  Moi^D  Isolated  from  Tan-bark  Liquors.  By  Katherink  E. 
Golden,  Wollaston,  Mass. 
The  mold  was  isolated  from  both  sweet  and  sour  tan-bark  liquors.  It 
is  interesting  physiologically  and  structurally,  as  it  excretes  three  enz3rmes 
trypsin,  rennet,  and  diastase.  The  protoplasm  in  the  young  filaments  is 
motile.  The  hyphae  appear  to  be  provided  wnth  septa,  but  the  protoplasm 
moves  freely  in  the  hyphal  tubes.  As  nearly  as  could  be  determined,  the 
seeming  septa  are  thickened  rings  on  the  outside  of  the  filaments.  The 
odor  produced  in  old  cultures  is  similar  to  that  given  off  by  tanned  hide^ 


On  the  Supposed  Polymorphism  ok  Eremosphaera  viridis  de  by. 

By  G.  T.  Moore,  Dartmouth  College. 

Eremosphaera  viridis  was  discovered  by  de  Bary  in  1854  and  considered 

by  him  to  be  a  desmid.     For  a  time  observers,  either  concurred  with  this 

view,  or  held  that  it  was  a  zygospore  formed  by  the  conjugation  of  des- 
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mids,  but  later  botanists  came  to  the  conclusion  that  it  was  an  independ- 
ent genus,  allied  to  the  protococcoideae.  In  1889  de  Toni,  decided  that 
Eremosphaera  might  be  a  stage  in  the  formation  of  fern  prothallia,  or 
at  least  was  more  closely  related  to  the  higher  cryptogams  than  to  the 
algae.  Chodat,  in  1894,  described  a  remarkable  case  of  polymorphism 
for  this  form,  maintaining  that  in  addition  to  the  ordinary  spherical  con- 
dition, there  were  also  stages  resembling  Gloeocystis^  Schizochlamys^ 
Cenlrosphaera,  etc.  He  likewise  discovered  zoospores,  which  he  thought 
were  related  to  this  plant. 

In  order  that  some  definite  decision  might  be  reached  with  regard  to 
the  supposed  polymorphism  of  this  form,  pure  cultures  of  Eremosphaera 
material  were  maintained  in  nutrient  solutions  and  on  agar-agar  for  more 
than  two  years  and  the  life  history  of  the  plant  followed  through  a  num- 
ber of  generations.  The  result  was,  that  in  all  the  specimens  cultivated 
and  examined  by  me,  there  has  not  been  the  slightest  evidence  of  any 
condition  which  might  be  confused  with  the  genera  it  has  been  believed 
to  be  connected  with.  While  Eremosphaera  does  possess  the  power  of 
forming  successive  walls  around  itself,  to  a  remarkable  degree,  there  is 
no  reason  for  confusing  these  stages  with  Gloeocystis  schizochlamySy  etc. 

The  only  method  of  multiplication  is  by  means  of  simple  division  into 
two  or  four  daughter  cells,  which  finally  rupture  the  wall  of  the  mother 
plant  and  escape  to  become  full-sized  spheres.  No  motile  spores  of  any 
kind  were  observed,  although  abnormal  conditions  suggesting  the  forma- 
tion of  zoospores  were  easily  produced.  Characteristic  brick-red  resting 
spores,  occur  frequently. 

There  can  be  no  question  about  Eretnosphaera  viridis  being  an  inde- 
pendent genus,  for  although  it  may  assume  certain  peculiar  and  abnor- 
mal conditions,  it  always  retains  its  integrity  and  passes  through  the  same 
life  history,  generation  after  generation.  So  far  as  our  present  informa- 
tion goes  there  is  no  reason  why  this  unicellular  alga  should  not  continue 
to  be  classed  among  the  Protococcoideae,  where  it  is  placed  by  Wille,  in 
Engler  and  Prantl. 


The  Embryo-sac  of  Peperomia  Pellucida,    By  Duncan  S.  Johnson. 

The  material  of  various  Piperaceae  collected  in  Jamaica  in  1897  by  the 
late  Prof.  Humphrey  included  an  abundance  of  well  preserved  material 
of  the  above  species.  The  following  abstract  gives  the  most  important 
results  from  the  study  of  this  material. 

The  development  of  the  flower  is  essentially  as  described  by  Schmitz. 
It  consists  of  a  top-shaped  bract  in  the  axil  of  which  is  borne  a  single 
carpel  with  a  single  stamen  on  each  side.  The  single  orthotropous  ovule 
has  but  one  integument  and  closely  fills  the  cavity  of  the  ovary. 

The  primary  archesporial  cell  is  single  and  subepidermal.  It  cuts  off  a 
single  sapetal  cell  above  and  then  immediately  develops  to  the  embryo- 
sac.     The  nucleus  of  the  embryo-sac  divides  by  mitosis  to  sixteen  similar 
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nuclei,  distributed  about  in  the  peripheral  layer  of  C3^oplasm.  Two  of 
these  nuclei  are  soon  found  at  the  upper  end  of  the  sac  with  a  rather 
larger  portion  of  cytoplasm  about  each.  The  larger  of  these  two  nuclei 
with  its  cytoplasm  forms  the  egg,  the  wall  of  which  is  at  first  very  deli- 
cate and  indistinct.  The  other  seems  to  play  the  part  of  a  synergid  and 
it  likewise  has  a  distinct  wall  only  at  a  much  later  stage. 

At  about  the  time  the  pollen  tube  reaches  the  egg  eight  of  the  remain- 
ing fourteen  peripheral  nuclei  collect  in  a  compact  group,  located  near 
the  lateral  or  basal  wall  of  the  embryo-sac  or  central  and  of  ten  just  below 
the  egg.  Before  the  male  and  female  nuclei  fuse  these  eight  nuclei  fuse 
together  completely  into  one  large  nucleus  which  from  this  time  behaves 
like  the  endosperm  nucleus  of  the  ordinary  Angiosperm  embryo-sac. 

This  nucleus  begins  to  divide  before  any  change  is  visible  in  the  egg. 
The  first  spindle  formed  by  the  endosperm  nucleus  is  transverse  and  the 
cell  wall  which  immediately  forms  from  the  spindle  fibers  stretches  from 
the  now  Well-defined  wall  of  the  fertilized  egg  to  the  base  of  the  still 
spherical  embryo-sac.  The  two  endosperm  cells  thus  formed  divide 
further  as  development  goes  on  in  the  latest  stages  seen,  probably 
nearly  ripe  seeds,  there  are  15  or  20  endosperm  cells  forming  a  single 
layer  around  the  embryo  except  above  it.  The  latter  at  this  time  con- 
sists of  four  or  five  cells  in  a  single  row  (or  two  abreast  at  the  lower  end) 
reaching  down  nearly  half  way  to  the  base  of  the  embryo-sac.  The  sin- 
gle synergid  persists  even  to  this  stage  and  remains  distinct  from  both 
the  embryo  and  endosperm. 

The  remaining  six  peripheral  nuclei  are  seen  at  this  stage  to  be  flat- 
tened against  the  wall  of  the  but  little  enlarged  embryo-sac  by  the  endo- 
sperm cells  and  show  signs  of  degeneration. 

The  endosperm  cells  appear  at  this  time  to  have  protoplasmic  contents 
only,  but  the  whole  tissue  of  the  relatively  much  enlarged  nucellus  is 
densely  packed  with  starch. 

The  results  here  given  agree  with  those  recently  published  by  Camp- 
bell, for  this  form  up  to  the  sixteen  nucleate  stage  of  the  embryo-sac.  But 
he  finds  two  synergidae  and  interprets  the  group  of  eight  nuclei  as  proba- 
bly antipodals,  which,  he  says,  later  separate.  He  also  interpreted  as  part 
of  the  embryo  the  mass  of  endosperm  cells  which  finally  fill  most  of  the 
embryo-sac  and  therefore  concludes  that  there  is  no  endosperm. 

The  author  hopes  in  the  near  future  to  be  able  to  study  the  sprouting 
of  the  seed  in  this  plant  and  thus  to  discover  whether  the  part  played  by 
this  supposed  endosperm  at  that  time  is  such  as  to  demonstrate  this  as  its 
true  homology. 


A  Contribution  to  a   Knowledge  of  the  Organogeny  of  the 
Flower  and  of  the  Embryology  of  the  Caprifoliaceae.    By 
Nellie  Priscilla  Hewins,  B.S.,  A.M.,  Maspeth,  L.  I.,  N.  Y. 
A  study  of  the  embryology  of  Viburnum  prunifolium  is  interesting  be- 
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cause  the  ovules  of  two  of  the  locules  of  the  tricarpellary  ovary  early  be- 
come aborted,  while  the  single  ovule  of  the  remaining  locule  develops 
normally.  The  embryo-sacs  of  the  abortive  ovules  develop,  but  undergo 
changes  correlated  with  their  loss  of  function. 

The  polar  nuclei  of  the  embryo-sacs  of  the  functional  ovule,  fuse  before 
anthesis ;  three  antipodals  are  prominent  but  soon  disintegrate.  The 
nucellar  tissue,  small  in  amount,  disappears  as  the  embryo-sac  develops. 
The  endosperm  develops  rapidly  and  is  surrounded  by  the  integument ; 
integumental  cells  infringing  upon  the  endosperm,  constitute,  as  in  cer- 
tain other  gamopetalae,  a  tapetum,  which  does  not  disintegrate.  An 
accumulation  of  food  near  the  embryo  is  to  be  noted. 


The  Devei*opment  of  the  Egg  and  Fertiwzation  in  Pinus  Siro- 
bus.  By  Margaret  C.  Ferguson,  Fellow  in  Botany,  Cornell  Uni- 
versity, Ithaca,  N.  Y. 

The  paper  consisted  of  a  discussion  of  fertilization  and  associated  phe- 
nomena in  Pinus  Strobus. 

The  subject  was  treated  under  the  following  heads  : 

A  brief  summary  of  the  work  done  by  previous  investigators  on  Pinus 
Strobus. 

Early  development  of  the  archegonium. 

Division  of  the  central  cell. 

Maturation  of  the  ^gg. 

Copulation  and  fertilization. 

Development  of  the  proembryo. 

Fate  of  the  nuclei  not  active  in  fertilization. 

Conclusions. 


Nuclear  Division  in  the  Hepaticae.  By  Bradi^ey  M.  Davis,  In- 
structor, University  of  Chicago,  Chicago,  111. 

The  Hepaticae  present  an  interesting  field  f or  studies^in  plant  cytology, 
because  there  is  much  variety  in  the  organization  of  the  nuclear  figure. 
The  group  appears  to  stand  somewhat  midway  between  the  Thalloph)rtes 
and  the  Spermotophytes  as  regards  the  manifestation  of  kinoplasm. 

While  centro  spheres  and  aster-like  bodies  are  presented  at  certain 
periods  of  ontogeny  (^.  g.  germinating  spores  of  Pellia),  at  other  times 
spindles  are  formed  without  definite  centers  {e.  g.  spore-mother-cells  of 
Anthoceros  and  Pellia)  through  the  independent  activity  of  fibrillae  as 
in  higher  plants.  In  certain  vegetative  tissue  again  the  spindles  are  de- 
veloped from  caps  of  pivoplasm  and  the  conditions  recall  those  in  the 
root  tips  and  other  growing  points  of  Pteridophytes  and  Spermatophytes. 
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A  wider  study  of  Hepaticae  may  throw  light  on  the  problem  of  the 
evolution  of  the  pivoplasmic  manifestations  in  higher  plants  from  the 
aster  and  centro  sphere  of  the  Thallophytes. 


Note  on  the  Origin  of  Tannin  in  Gai*i^.     By  Hknry  Kraembr. 

The  origin  of  the  different  plant  constituents  is  probably  as  much  a 
mystery  as  their  functions.  Neither  of  these  questions  can  be  settled 
until  more  observations  have  been  made.  In  considering  the  origin  of 
the  tannin  in  galls,  the  writer  limits  his  observations  for  the  present  to 
the  examinations  of  the  common  "ink-ball"  or  "  ink-gall,'*  which  is 
produced  on  Quera4S  coccinea  Wang,  probably  by  Cynips  aciculata  O.  S. 
The  same  kind  of  galls  is  produced  on  other  oaks  as  Mr.  Beadle,  of  the 
Baltimore  Herbarium,  has  sent  me  specimens  which  were  produced  on 
Quercus  imbricaria  Michx. 

These  galls  are  produced  during  the  summer  months  on  the  young 
branches  and  sometimes  on  acorns.  When  mature  they  fall  from  the 
trees  and  are  nearly  globular  in  shape,  varying  from  20  to  30  mm.  in 
diameter.  They  are  solid  throughout  and  of  the  consistency  of  the  pulp 
of  a  green  apple.  Externally  they  are  smooth  and  in  color  are  a  mottled 
green,  yellow,  and  brownish  red.  At  this  stage  they  are  made  up  of  three 
distinct  zones :  ( i )  A  central  zone,  made  up  of  nearly  isodiametric  paren- 
chyma cells  packed  with  numerous,  small,  somewhat  spherical  or  irregu- 
lar starch  grains  which  are  colored  blue  with  iodine;  (2)  The  middle 
zone  is  composed  of  radially  elongated  parenchyma  cells,  possessing  thick 
cellulose  walls,  with  prominent  simple  pores  and  containing  besides  a 
mass  of  protoplasm  lying  on  the  side  of  the  wall  a  few  starch  g^rains. 
With  the  development  of  the  ^^^  there  also  appears  in  the  cells  of  the 
middle  zone  numerous  starch  grains  closely  resembling  those  found  in 
the  central  zone  ;  (3)  An  external  layer  made  up  of  irregular  parenchyma 
cells  somewhat  collenchymatic  in  character,  with  the  protoplasm  as  in 
the  middle  zone. 

I.  Decided  changes  take  place  soon  after  the  galls  fall  from  the  tree. 

( 1 )  A  larvae  develops  in  the  central  zone  and  there  are  signs  of  activity 
in  the  protoplasm  of  the  cells  of  this  zone.  A  large  nucleus  with  nucle- 
olus lies  centrally  in  the  protoplasm  and  in  some  cases  yellowish  globular 
vesicles  are  apparent.  These  latter  are  fixed  in  the  fresh  specimens  by 
means  of  copper  acetate  (7  per  cent,  solution)  and  become  more  yellow- 
ish in  color  and  are  then  insoluble  in  water,  chloral,  glycerin,  potassium 
hydroxide  or  alcohol,  and  are  no  doubt  in  the  nature  of  tannin  vacuoles. 

(2)  In  the  galls  containing  larvae  and  which  have  been  allowed  to  re- 
main in  a  copper  acetate  solution  for  several  weeks  or  months  there  sep- 
arates in  the  parenchyma  cells  of  the  middle  zone  yellowish  crystals  or 
crystalline  masses.  These  are  insoluble  in  water,  chloral,  glycerin  or 
alcohol.      These   crystals  and   crystalline   bodies   are  lens  shaped,  star 
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shaped,  or  fan  shaped,  and  much  resemble  the  different  carbohydrates, 
such  as  hesperidin,  inulin,  etc.,  which  separate  in  different  plant  cells 
when  the  specimens  are  placed  in  alcohol.  These  crystals,  however,  do 
not  separate  in  alcoholic  material  and  are  to  be  found  only  in  galls  which 
have  been  kept  in  copper  acetate  solution.  Their  appearance,  reactions 
and  a  comparison  with  copper  gallate  crystals  leads  to  the  conclusion  that 
they  are  identical  in  composition.  (3)  In  the  external  layer  of  specimens 
of  this  stage  of  maturity,  and  which  have  been  treated  with  copper  ace- 
tate, reddish  brown,  amorphous  or  somewhat  crystalline  masses  adhering 
to  the  walls  of  the  cells.  These  masses  when  amorphous  are  made  up 
entirely  of  tannin  and  when  somewhat  crystalline  contain  an  admixture 
of  tannin  and  gallic  acid. 

II.  When  the  winged  insect  has  developed,  only  a  few  layers  of  the  cells 
of  the  central  zone  remain  and  these  contain  a  number  of  tannin  vacuoles. 
Surroimding  the  latter  are  several  (as  many  as  twelve)  rows  of  prominent 
lignified  cells.  The  cells  of  the  middle  layer  in  specimens  of  this  age  and 
which  have  been  treated  with  copper  acetate  contain  numerous  brownish 
red  tannin  masses  to  which  may  be  adhering  some  yellowish  brown  crys- 
tals of  gallic  acid.  But  the  tannin  is  in  by  far  the  greatest  proportion  in 
the  cells  of  this  layer  and  at  this  age  of  the  galls.  (3)  The  cells  of  the 
external  layer  contain  chiefly  the  tannin  masses. 

Conclusion. — {a)  It  is  well-known  that  gallic  acid  occurs  naturally  in 
the  nut  galls  (the  product  of  Cynips  Gallae  tinctoriae  Olivier  on  Quercus 
lusitanica  Lam.),  the  leaves  of  Arctostaphylos  uva-ursi  (L.)  Spreng.,  Tea 
Chinensis  Sims  and  of  various  species  of  Rhus  ;  the  fruit  of  Terminalia 
chebula  Retzius  (Myrobalans)  andCaesalpiniacoriaria  Wild.  (Divi-Divi); 
the  acorn  cups  of  Quercus  Aegilops  L.  (Valonia),  and  may  be  obtained 
by  extraction  with  water  in  the  form  of  silky  needles  and  asymmetric 
prisms.  With  the  alkalies  and  alkaline  earths,  lead  and  copper  salts 
crystalline  compounds  are  formed,  (b)  Tannic  acid,  on  the  other  hand, 
is  an  amorphous  substance  and  does  not  produce  crystalline  compounds 
with  the  salts  mentioned,  {c)  Therefore  the  crystalline  compound  found 
in  the  galls  examined  by  the  author  is  gallic  acid.  This  appears  to  be 
formed  at  the  expense  of  the  starch  during  the  chrysalis  stage  of  the  in- 
sect. With  the  maturing  of  the  winged  insect  the  gallic  acid  is  changed 
to  tannic  acid.  The  transformation  of  gallic  acid  into  tannin  appears  to 
be  one  of  simple  condensation  of  two  molecules  of  the  former  with  the 
loss  of  one  molecule  of  water  as  follows  : 

2C7He05  =  C14H10O9  -h  H,0. 
(gallic  acid)  (tannic  acid) 


Some  Observations  on  Root  Hairs.    By  Wm.  J.  Beai,,  Agricultural 
College,  Mich.,  Prof,  of  Botany  and  Forestry. 
Hairs  come  from  the  lower  ends  of  cells  usually  ;  in  motherwart  and 
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a  few  others  from  the  middle.  In  Agrostemma  Githago  L.,  a  second  crop 
of  hairs  comes  out  later  and  between  the  first  rows,  and  having  double 
the  diameter  of  the  first.  If  one  hair  is  found  of  a  peculiar  shape,  others 
in  the  immediate  vicinity  are  likely  to  be  found.  Chenopodium  hybri- 
dum  bears  root  hairs  having  septae.  The  last  slow-growing  hairs  on 
germinating  wheat  nearly  dried  off  have  their  tips  much  thickened  ¥rith 
cellulose. 


NoTi<;s  UPON  A  Nkw  Specibs-hybrid  of  Sai^ify.  By  Byron  D.  Hal- 
STED,  New  Brunswick,  N.  J. 
A  cross  has  been  secured  between  Tragopogon  porrifolius  1,.  and  Trag- 
opogon  prutensis  L.  The  hybrid  has  T.  perrifolius  for  the  male  parent, 
and  it  shows  some  of  the  characteristics  of  this  species,  and  in  other  pe- 
culiarities it  is  close  to  the  female  parent.  In  color  of  the  flower  it  is 
neither  the  purple  of  the  male  or  the  yellow  of  the  female  parent,  but  an 
unusual  shade.  The  hybrid  is  very  prolific  in  blooms,  but  seeds  poorly. 
In  some  of  the  microscopic  details  the  characteristics  of  the  two  parents 
are  clovsely  blended  in  the  hybrid. 


I .  Morphology  ok  the  Development  of  the  Ovule  in  Delphinium 
ExALTATUM  AiT.     By  Louise  B.  Dunn,  Tutor  in  Botany,  Barnard 

'    College,  N.  Y.  City. 

The  development  of  the  ovule  in  Delphinium  follows,  with  few  excep- 
tions, the  normal  type  for  that  of  an  anatropous  angiosperm  ovule.  The 
youngest  stages  show  a  swelling  of  the  epidermal  tissue  of  the  edge  of 
the  restricted  portions  of  the  carpels.  The  small  swellings  afterward 
turn  back  on  themselves  and  develop  the  indusiun  by  normal  annular 
epidermal  growth.  At  maturity  the  embryo-sac  consists  of  the  normal 
seven  cells,  the  egg  cells  and  synergidae  being,  however,  indistinguisha- 
ble from  each  other ;  there  is  a  well-defined  endosperm  nucleus,  and  at 
the  chalagae  end  three  very  large  and  apparently  active  antipodals.  The 
number  seems  to  be  constant,  altliough  mitosis  has  been  observed  in  one 
case.  After  fertilization  an  oily  endosperm  tissue  is  formed  by  free  cell 
division  and  a  small  embryo  with  heart-shaped  cotyledons,  very  short 
hypocotyl  and  a  rudimentary  suspensor  is  formed.  The  antipodals,  so 
far  as  known,  do  not  disappear,  but  persist  in  even  the  oldest  seeds  \irith- 
out  any  traces  of  degeneration. 
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2.  An  Attempted  New  Method  of  Producing  Zygospores  of  Rhi- 
zopus.     By  Louise  B.   Dunn,  Tutor  in  Botany,  Barnard  College, 
N.  Y.  City. 
Streak  cultures  of  Sporangiae  spores  from  a  Zygospore  stock  of  Rhizo- 
pus  were  made  in  test-tubes  on  a  nutrient  substance  made  of  Pfeffers  nu- 
trient solution  with  just  enough  gelatine  to  stiffen  it  at  room  temperature. 
Zygospore  formation  took  place  in  ten  days  and  the  h)rphae  made  un- 
usually clean  mounts,  whereas  the  ordinary  bread  culture  took  nearly  a 
month. 


Notes  on  Arcenthauum.  By  Hermann  von  Schrenk,  St.  Louis, 
Mo. 
The  manner  in  which  the  seeds  of  these  parasites  are  disseminated  was 
described,  also  the  manner  in  which  they  germinate  and  approach  the 
branch  of  their  host.  The  parasite  brings  about  the  formation  of  marked 
brooms,  and  a  large  specimen  of  the  black  spruce  was  exhibited.  The 
occurrence  of  Arcenthalium  pusillum  on  the  red  spruce  ( Picea  rubeus 
Sargent)  at  Sandlake,  N.  Y.,  was  reported. 


The  Effect  of  Hydrocyanic  Acid  Gas  upon  the  Germination  of 
Seeds.  By  C.  O.  Townsend,  State  Pathologist,  College  Park, 
Maryland. 

This  paper  is  a  continuation  of  the  paper  upon  the  same  subject  pre- 
sented before  this  section  at  the  Columbus  meeting.  It  has  been  found 
in  the  case  of  dry  seeds  treated  with  hydrocyanic  acid  gas  that  although 
the  germination  and  the  subsequent  growth  of  seedlings  are  accelerated, 
slightly  during  the  first  sixty  days,  germination  takes  place  more  slowly 
after  that  time  and  becomes  practically  zero  at  the  end  of  250  days,  when 
the  charge  used  is  i  gram  of  potassium  cyanide  per  cubic  foot.  If  a  charge 
of  only  0.25  gram  of  potassium  cyanide  per  cubic  foot  is  used  for  250 
days  about  50  per  cent,  of  the  seeds  will  germinate  and  the  subsequent 
growth  will  be  greatly  retarded. 

Seeds  that  were  soaked  for  twenty-four  hours  in  water,  afterwards  sub- 
jected to  the  influence  of  gas  from  o.io  gram  of  potassium  cyanide  per 
cubic  foot  for  three  hours  then  removed  to  an  atmosphere  free  from  the 
poisonous  gas,  were  greatly  retarded  in  germination  and  in  subsequent 
growth  of  seedlings.  If  the  seeds  were  thoroughly  washed  after  treating 
with  the  gas  for  three  hom^,  germination  was  retarded  only  about  twenty- 
four  hours,  but  if  they  were  not  washed  germination  was  retarded  about 
seventy-two  hours  beyond  the  normal  and  the  subsequent  growth  of  the 
seedlings  was  very  slight. 
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By  using  different  strengths  of  the  gas  it  was  possible  to  hold  the  seeds 
in  an  inactive  state  from  one  to  ten  days  even  when  they  were  under, 
otherwise,  most  favorable  conditions  for  growth. 


The  History  of  the  Bui^bils  of  Lysimachia  Terrestris  L.    By  D. 
T.  MacDougal. 


Observation  on  Root  Hairs.    By  W.  J.  Bbai<. 


An  Attempted  New  Method  of  Producing  Zygospores  in  Rhizo- 
PUS  Nigricans.    By  Louise  B.  Dunn. 


Note  on  Arceuthobium.    By  Hermann  von  Schrenk. 


A  New  Species— Hybrid,  Salsify.    By  B.  D.  Hai^ted. 


The  Devei^opment  of  the  Ovui*e  in  Dei^phinium  Exaxtatum  Ait. 
By  Ix>uise  B.  Dunn. 


When  Increase  in  Thickness  Begins  in  our  Trees.    By  Geo.  T. 
JIastings.     Presented  by  W.  \V.  Rowi^EE. 


Field  Experiments  with  Tomato  Rot.     By  F.  S.  Earle. 
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The  Torrey  Botanical  Club  gave,  by  invitation,  a  special  memorial  pro- 
gram in  honor  of  Dr.  John  Torrey,  in  the  Museum  of  the  New  York  Bo- 
tanical Garden,  on  Wednesday,  June  27th.  The  principal  features  of  the 
day  were  : 

Reminiscences  of  Torrey.     Dr.  T.  C.  Porter. 

Work  of  Dr.  Torrey  as  a  botanist.      Dr.  N.  I^.  Britton. 

Historical  sketch  of  the  development  of  botany  in  New  York  City.  Dr. 
T.  F.  Allen. 

Comment  on  the  earlier  botanical  history  of  New  York.  Judge  Addison 
Brown. 

Work  of  the  Torrey  Botanical  Club.      Secretary  E.  S.  Burgess. 

Comments  and  reminiscences. '  Professor  Peck,  Professor  Macloskie, 
Professor  Beal,  and  Dr-  T.  F.  Allen.  A  communication  from  Jas.  Hyatt  was 
also  read.  These  papers  have  been  published  in  the  Bulletin  of  the  Torrey 
Botanical  Club. 

The  sectional  committee  had  concluded  arrangements  with  the  Council 
of  the  Botanical  Society  of  America  by  which  the  program  of  the  latter 
occupied  the  sessions  on  Thursday,  June  28th.  A  symposium  on  the  plant 
geography  of  North  America  had  been  arranged  for  Friday,  June  29th,  in 
which  the  following  papers  were  read  : 

Distribution  of  the  Spermatophytes  in  New  England.     B.  h.  Robinson. 

Distribution  of  the  Spermatophjrta  in  Southeastern  United  States.  J.  K. 
Small. 

Notes  on  the  Lower  Austral  Element  in  the  Flora  of  the  Southern  Appa- 
lachian Region.    Thos.  Kearney. 

Physiographic  Ecology  of  Northern  Michigan.     H.  C.  Cowles. 

Vegetative  Elements  of  the  Sandhill  Region.     Roscoe  ?ound. 

Composition  of  the  Rocky  Mountain  Flora.     Per  Axel  Rydberg. 

Flora  of  the  Columbian  Lavas.     C.  V.  Piper. 

Distribution  of  the  Grasses  of  North  America.     G.  V.  Nash. 

Relationship  between  the  North  and  South  American  Floras.  W.  L. 
Bray. 

Floral  Zones  of  Mexico.    J.  N.  Rose. 

Origin  of  the  Flora  of  North  America.     N.  L-  Britton. 
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REPORT  READ. 


The  committee  on  the  Study  of  the  White  Race  in  America  report  that 
in  accordance  with  the  plans  proposed  at  the  Columbus  meeting  they 
have  made  arrangements  to  carry  out  physical  and  mental  tests  on  mem- 
bers of  the  Association  at  the  present  meeting,  and  these  are  now  being 
made.  A  report  on  this  work,  and  on  work  of  an  anthropometric  char- 
acter done  under  the  auspices  of  this  committee  and  elsewhere  has  been 
made  to  Section  H  at  its  Christmas  meeting  and  at  the  present  meeting 
and  it  need  here  only  be  remarked  that  the  measurements  of  our  mem- 
bers will  be  of  special  interest  wheu  compared  with  those  of  members  of 
the  British  Association.  In  view  of  the  fact  that  instruments  were  at 
hand  at  the  place  of  meeting  this  year  it  was  not  necessary  to  purchase 
them,  but  if  the  work  is  continued  it  will  be  necessary  to  secure  a  set  of 
instruments  that  will  be  the  property  of  this  association  and  can  be  sent 
from  place  to  place.  We  ask  for  this  purpose  an  appropriation  of  I50  to 
be  added  to  the  similar  appropriation  made  bst  year.  We  ask  that  the 
name  of  the  committee  be  changed  to  Anthropometric  Committee,  thus 
limiting  and  defining  more  exactly  its  scope.  We  ask  that  the  vacancy 
on  the  committee  caused  by  the  death  of  Dr.  Brinton  be  filled  by  the 
appointment  of  Professor  Joseph  Jastrow. 

J.  McK.  Cattei.1,. 
Franz  Boas       )  p^^.  p 
W  J  McGek       i       '     ' 


Resolutions  Adopted. 
Resolutions  of  regret  and  condolence  upon  the  death  of  Frank  Hamil- 
ton Cushing,  presented  before  Section  H,  American  Association  for  the 
Advancement  of  Science  at  the  New  York  meeting,  June  29,  1900. 

W  J  McGEE. 
AwcE  C.  Fletcher, 
Thomas  Wilson,  (Chairman), 

/Resolved,  That  in  the  death  of  our  lamented  colleague,  Frank  Hamil- 
ton Cushing,  the  science  of  American  anthropology  has  lost  one  of  its 
most  enthusiastic  and  devoted  students,  whose  researches  have  been 
among  the  most  brilliant.  He  was  a  pioneer  in  the  study  of  American 
Archaeology,  having  begun  it  in  his  boyhood  and  continued  it  through- 
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out  his  life.  Preeminent  as  an  ethnologist,  he  began  his  studies  by  adop- 
ting  the  habits  and  customs  of  the  Zuni  Indians  and  became  a  priest  in 
one  of  their  higher  orders,  by  which  means  he  was  enabled  to  discover 
much  which  would  otherwise  have  remained  hidden  to  all  scientific  or 
civilized  investigation. 

Resolved^  That  in  his  death  our  Section  has  lost  a  most  enthusiastic 
worker,  and  American  science  has  sustained  an  irreparable  loss. 

Resolvedy  That  these  resolutions  be  entered  on  the  record,  and  a  copy 
be  sent  to  Mrs.  Gushing. 


PAPERS  READ. 
[titles  and  abstracts.] 

Method  of  Aesthetics.    By  Henry  Da  vies. 


Studies  in  Vocal  Expression.  By  Chari«es  H.  Judd,  New  York 
University. 
The  theory  of  English  verse  which  holds  that  the  feet  of  a  given  form 
of  verse  are  all  of  equal  length  in  respect  to  the  time  required  to  articu- 
late them,  has  never  been  fully  tested  because  it  has  been  impossible  to 
secure  any  proper  records  of  such  time.  Mere  judgments  by  a  listener 
are  not  sufl&ciently  reliable  to  either  confirm  or  overthrow  the  theory. 
The  present  paper  reports  a  number  of  measurements  of  the  time  required 
for  the  articulation  of  hexameter  verses.  The  records  were  made  with  a 
diaphragm  and  enlarging  lever  which  traced  records  in  smoked  paper. 
The  records  of  the  voice  vibrations  thus  secured  were  compared  directly 
with  a  record  made  from  a  standard  tuning  fork.  The  verses  used  were 
the  first  four  lines  of  Longfellow's  **  Evangeline.**  The  report  included 
eleven  complete  records,  thus  presenting  measurements  of  more  than  250 
metrical  feet.  These  measurements  showed  no  uniformity.  They  ranged 
from  530  sigmas  to  somewhat  over  1000  sigmas.  A  single  series  of  meas- 
urements of  Tennyson's  "Charge  of  the  Light  Brigade  **  was  also  re- 
ported. Here,  too,  there  is  noticeable  variation  in  the  length  of  the  feet. 
These  measurements  furnish  grounds  for  a  rejection  of  the  theory  that 
English  metrical  feet  are  all  of  uniform  temporal  quantity. 


Practice.    By  Edward  Thorndike. 


New  Methods  of  Demonstrating  Psychoi/)Gicai,  Methods  with 
the  Stereopticon.  By  J.  McK.  Catteli.,  New  York. 
Certain  physiological  processes  dependent  on  mental  conditions,  were 
shown  with  the  lantern  on  the  screen.  Thus  muscular  fatigue,  pulse  and 
breathing,  the  reaction  time,  etc.,  are  shown  to  the  audience  as  they  take 
place. 
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Criminology.  By  Thomas  Wii«son,  Smithsonian  Institution,  Wash. 
ington,  D.  C. 

In  early  times  the  criminal  law  treated  the  crime  as  an  act  of  damage^ 
to  be'  recompensed  by  payment  of  a  sum  of  money  or  the  infliction  of  a 
corresponding  punishment.  "An  eye  for  an  eye,"  and  "a  tooth  for  a 
tooth, '^  and  "  whoso  sheddeth  man^s  blood,  by  man  shall  his  blood  be 
shed,"  are  early  historic  forms  of  compensatory  or  punitive  damage. 

In  medieval  times  public  attention  was  turned  with  greater  or  less 
seriousness  towards  the  consideration  of  the  commission  of  crime ;  and 
since  then  numberless  studies  and  investigations  have  been  made  into 
the  causes  of  crime  and  the  means  for  its  prevention.  The  students  were 
usually  legislators  and  lawyers,  the  latter  being  mostiy  writers  of  law- 
books. Some  of  these  were  text-books  on  the  law  of  crimes,  like  Russel 
on  "Crimes,"  Chitty^s  "Criminal  Law,"  etc.,  etc.,  while  others  were 
reports  of  the  trial  of  criminal  cases,  as  "  State  Trials,"  etc.,  and  con- 
tained the  decisions  of  the  courts  with  occasional  observations  by  the 
Judge  upon  the  moral  or  social  sides  of  the  question,  as  they  related  to  the 
case  before  him. 

The  criminal  common  law  of  England,  if  one  may  employ  a  misnomer,, 
evolved  two  great  principles,  both  of  which  were  distinct  advances  in 
ethics.  First,  that  punishment  for  crinie  was  not  from  any  feeling  of 
vengeance  towards  the  criminal ;  second,  that  punishment  was  intended 
only  to  act  as  a  deterrent  and  for  protection  of  the  public.  This  was 
about  as  far  as  the  ethical  education  of  man  progressed  during  all  early 
ages  in  dealing  with  the  criminal.  The  amelioration  of  prison  life  by 
visitation  and  ministration,  by  improving  the  food,  decreasing  the  hours 
of  labor,  preventing  cruelty,  abolishing  solitary  confinement  and  the  sys- 
tem of  enforced  silence,  providing  for  inspections  and  allowing  reading^ 
matter  and  religious  services,  these  were  commenced  by  John  Howard  in 
1773,  and  by  Elizabeth  Fry  in  181 7.  These  were  all  good  in  their  way, 
and  with  the  reduction  (in  England)  of  the  number  of  offences  carrying 
the  death  penalty,  served  to  greatly  ameliorate  the  condition  of  the  crim- 
inal of  that  day. 

All  this,  however,  was  but  ephemeral.  No  one  attempted  a  scientific 
study  of  crime,  either  as  to  its  causes,  the  impulses  pushing  the  criminal 
to  its  commission,  how  much  of  his  criminality  was  due  to  heredity,  how 
much  to  environment,  and  how  much  to  habit,  passion,  weakness  of  will, 
or  inability  to  resist  temptation. 

It  was  then  considered  that  men  committed  crime  through,  or  by  rea- 
son of,  their  original  and  naturally  evil  natures,  and  apparentiy  the  only 
known  remedy  was  punishment  by  fine,  imprisonment  or  execution.  The 
alacrity  with  which  some  paid  their  fines,  and  the  cheerfulness  with  which 
others  accepted  imprisonment,  especially  during  the  winter  months,  know- 
ing they  would  be  housed,  fed  and  could  grow  fat  in  idleness,  seemecttohave 
but  slight  effect  upon  the  judges  and  legislators  in  determining  the  effi- 
cacy of  the  punishment,  whether  by  the  amount  of  fine  or  the  length  of 
imprisonment. 
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I  once  defended  a  man  before  a  court  and  jury,  charged  with  the  lar- 
ceny of  a  watch.  He  said  he  was  not  guilty  and  laid  the  theft  on  his 
"  pal,"  then  in  the  Baltimore  penitentiary.  I  proposed  to  him  to  obtain 
this  witness'  testimony  and  clear  my  client ;  he  checked  me  and,  with 
the  utmost  nonchalance,  said:  "Confine  your  efforts  to  reducing  the 
value  of  the  watch  below  J3 5. 00,  so  as  to  make  it  petit,  and  not  grand, 
larceny ;  then  I  will  be  sent  to  jail  during  the  cold  weather  and  will  come 
out  during  the  warm  days  of  spring  ;  I  would  just  as  lief  go  to  jail  during 
the  winter  as  not,  but  I  don't  want  to  go  to  the  penitentiary  for  a  year 
and  come  out  at  the  beginning  of  next  winter  !  "  I  put  a  pawnbroker  on 
the  stand  as  a  witness,  whose  reduction  in  the  value  of  the  watch  saved 
my  client  from  the  penitentiary.  What  possible  reformation  would  im- 
prisonment make  in  this  man  ?  He  welcomed  the  prison  as  a  comforta- 
ble home  provided  for  him  without  his  care  or  expense. 

I  have  never  been  satisfied  with  the  course  of  studies  in  crime  as  pur- 
sued in  the  United  States.  Crime  is  often  treated  in  the  abstract  rather 
than  in  the  concrete,  symptomatically  rather  than  radically.  Crime  is 
not  a  material  thing,  it  has  no  material  existence,  but  is  a  phenomenon 
produced  by  a  combination  of  material  things.  Before  any  satisfactory 
attempt  can  be  made  to  formulate  a  system  for  its  correction  or  preven- 
tion, we  must  study  the  criminal  and  the  causes  which  impelled  him  to 
the  commission  of  crime  in  a  thorough  and  scientific  manner.  Dr.  Mac- 
Donald  says  :  "  Whatever  the  remedy,  the  causes  must  be  studied  first.*' 
Judge  Sanford  M.  Green,  of  Detroit,  has  a  work  entitled  "  Crime,  its  na- 
ture, causes,  treatment  and  prevention."  Despite  its  comprehensive 
title,  he  ignores  all  psychologic  or  biologic  causes  and  assigns  drink  or 
drunkenness  as  the  principal,  if  not  the  sole,  cause  of  crime. 

A  humanitarian  congress  usually  adopts  one  of  the  following  trains  of 
argument :  if  religionists,  social  scientists,  and  humanitarians,  they  lament 
the  evil  nature  of  man,  preach  the  necessity  for  his  religious  conversion, 
urge  reform  in  prison  treatment,  and  plead  with  the  public  against  ostra- 
cism after  discharge  ;  if  judges  and  lawyers,  they  consult  as  to  the  laws 
governing  the  conduct  of  the  trial  so  as  to  best  preserve  the  constitutional 
rights  of  the  accused  ;  while  social  economists  argue  against  prison  labor 
wherever  it  comes  in  competition  with  the  laborer  outside  the  prison. 

I  once  prepared  a  program  for  the  consideration  of  such  a  congress,  as 
follows : 

I. — The  commission  of  crime — how  induced. 

1.  By  heredity. 

2.  By  education. 

a.  Environment. 

b.  Sociologic  influences,  chiefly  in  youth. 

c.  Economic  influences  ;  as  poverty,  famine,  etc. 
II. — The  prevention  of  crime. 

1 .  By  fear  of  punishment. 

a.  Execution. 

b.  Imprisonment. 

c.  Fine. 
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2.  By  restraint. 

a.  Imprisonment  in  reformatory  institutions. 

b.  Education. 

III. — For  the  prevention  of  crime  which  had  its  cause  in  heredity. 

1.  Restraint  of  liberty  (of  the  bom  criminal)  before  commission  of  any 

crime  ;  this  for  the  individual  and  for  effect  in  the  present 

2.  Restraint  of  marriage  or  the  prevention  of  the  birth  of  children  who 

are  certain  to  become  criminals. 
IV. — Reformation  of  criminals. 

1.  By  punishment  after  the  commission  of  crime. 

2.  Restraint  before  the  commission  of  crime. 

3.  Education. 

a.  Religion  and  morals. 

b.  At  home. 

c.  At  church. 

d.  In  parochial  schools. 

e.  Public  schools : 

Technical. 
Manual. 
Night  schools. 

Psychology  and  somatolog>'  have  been  associated  in  the  investigation 
of  crime  and  the  criminal  during  the  last  half  of  the  present  century. 
Caesare  Lombroso,  of  Turin,  Italy,  is  the  founder  of  a  new  school  of 
criminology.  It  held  its  first  congress  in  1885  at  Rome  ;  its  second  in 
1889  at  Paris,  and  its  third  in  Brussels  in  1893.  This  school,  with  all  its 
errors,  has  produced,  perhaps  as  a  secondary  result,  vast  improvements 
in  the  methods  of  investigating  crime  and  studjdng  the  criminal.  The 
peculiarity  of  Lombroso*s  theory  is  that  most  criminals  arebornso  (^^rr'fff- 
inal  ni)  and  their  commission  of  crimes,  if  not  involuntary,  is  as  far 
beyond  the  power  of  their  wills  as  it  is  to  refuse  food  when  hungry  or 
drink  when  thirsty.  He  invokes  heredity  and  natural  causes  for  the 
commission  of  crime  and  contends  that  the  condition  of  the  bom  crimi- 
nal is  manifested  in  physical  characteristics  which,  being  studied,  may 
become  known  by  the  trained  anatomist  and  anthropologist  to  such  ex- 
tent as  that  the  criminal  character  of  the  individual  becomes  recognized 
before  any  crime  is  committed.  An  adoption  of  Lombroso*s  theories  in 
these  respects  leads  to  the  conclusion  that  the  state  has  a  right  to  protect 
the  public  by  arresting  the  born  criminal  in  advance  of  his  commission 
of  crime  and  secluding  him  by  incarceration  in  jail  or  hospital. 

The  physical  characteristics  pointed  out  by  Lombroso  as  evidence  of  a 
bom  criminal  were  asymmetry  of  the  face  or  skull,  the  frontal  sinuses 
very  apparent,  prominent  cheek  bones,  jaws  heavy  and  with  lemurian 
appendix,  plidl^iforme  type  of  the  nasal  orifice,  and  orbits  large  and  wide 
apart. 

Criminals  of  lesser  degrees  (criminals  of  occasion)  show  the  same  char- 
acteristics, though  less  pronounced,  as  said  in  bacteriology,  more  attenu- 
ated. The  sensibilities  of  this  class  are  less  obtuse,  their  reflexes  less 
irregular,   their  anomalies  less  frequent  than  in  the  bom  criminal,  yet 
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more  so  than  in  the  normal  man.  Other  indications  pointing  towards 
criminality  were  extreme  mobility  of  the  face  and  hands,  the  small  bright 
eye  with  a  cold  regard  and  a  fixed  gaze  which  continuallj'  evaded  the 
questioner,  thick  and  gross  lips,  heavy  and  continuous  eyebrows,  a  snub 
nose,  the  lower  part  of  the  face  long  and  heavy,  and  a  narrow  and  re- 
treating forehead. 

The  theory  of  physical  characteristics  as  marking  a  tendency  to  crime 
on  the  part  of  the  individual,  has  been  pushed  by  Lombroso  and  his  col- 
leagues to  an  almost  incredible  excess  and  has  come  to  include  every  kind 
of  abnormality  in  the  appearance  of  the  individual.  Monsieur  Lemoine 
notices  the  reunion  of  the  frontal  lobes,  Monsieur  Severi  the  capacity  of  the 
cerebral  fossettes,  Monsieur  Joly  declares  that  criminals  lose,  in  their  physi- 
ognomy, the  type  of  their  nationality.  Ottolenghi  notes  that  baldness 
and  whiteness  of  the  hair  are  indicative  of  criminality  and  that  wrinkles 
of  the  face,  especially  that  around  the  nose  and  upper  lip,  are  more  pro- 
nounced among  criminals.  Other  peculiarities  are  noted  by  these  gen- 
tlemen as  belonging  to  criminals.  They  have  a  particular  gesticulation, 
a  j)rivate  jargon,  a  special  caligraphy  their  average  temperature  is  higher 
than  normal,  and  it  is  noted  that  criminals  excel  in  mechanics  and  in 
their  precision  of  details,  while  they  lack  in  ideality. 

Lombroso  converted  most  of  his  compatriots,  and  with  his  lieutenants, 
Baron  Garafalo,  judge  of  the  civil  tribunal  at  Naples,  and  Piof.  Ferri, 
deputy  in  the  Italian  parliament,  and  others  who  have  spoken  and  writ- 
ten much,  and  by  their  labors  have  founded  the  Italian  school  of  crimi- 
nology or,  as  they  call  it,  of  criminal  anthropology. 

The  labors  of  this  school  stirred  the  French  investigators  of  crime,  and 
with  them  the  English  and  Americans,  as  they  had  never  before  been 
stirred.  Drs.  Manouvrier,  Brouardel,  Magnau,  and  Herbette  led  the  op- 
position to  Lombroso' s  theories.  The  American  works,  that  by  Have- 
lock  Ellis  on  *'  The  Criminal,"  and  that  by  Dr.  A.  MacDonaldon  "  Crimi- 
nology," follow  in  these  lines  and  were,  for  the  most  part,  based  on  these 
investigations. 

Lombroso  was  an  indefatigable  student  and  a  patient  investigator.  He 
has  pushed  his  investigation  of  physical  characteristics  in  support  of  his 
theory  of  criminal  ni  to  the  verge  of  belief.  Many  of  his  conclusions 
were  assumptions  ;  some  were  without  solid  basis  and  others  were  insig- 
nificant. Most  of  his  conclusions  are  difficult  to  substantiate,  and  depend 
on  his  own  determination  of  conditions. 

He  found  and  examined  on  one  occasion,  79  children  under  twelve 
years  confined  in  houses  of  correction,  and  reports  as  physical  anomalies: 
30  with  deformed  ears,  21  with  small  retreating  foreheads,  19  plagioceph- 
alic,  16  high  cheekbones,  14  with  prominent  jaws,  7  with  raised  frontal 
sinuses,  6  hydrocephalic,  5  cross-eyed,  14  with  facial  asymmetry,  10  cre- 
tins, 9  goitrous,  and  9  with  deformed  nose.  The  principal  crimes  as- 
signed to  these  children  were  thieves,  40 ;  vagabonds,  27 ;  homicides,  7. 

This  is  only  a  sample  of  the  many  scores,  even  hundreds  of  investiga- 
tions made  by  Lombroso  and  his  colleagues.     The  practice  of  scientists 
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or  students  of  Italian,  possibly  European  life,  in  regard  to  their  deter- 
mination of  the  criminal  classes,  is  essentially  different  from  that  em- 
ployed in  England  and  the  ITnited  States.  In  those  countries  every 
individual  has  a  livrei^  a  small  book  called  his  acte  de  naissance^  in  which 
is  recorded  all  the  important  events  of  his  life  as  required  by  law,  custom, 
or  the  church  :  his  birth,  confirmation,  majority,  military  service  and  dis- 
charge, marriage,  the  birth  of  his  children,  etc.,  etc.,  and  any  arrest  or 
conviction  of  crime  is  noted  in  this  record.  It  is,  therefore,  as  it  were,  a 
certificate  of  his  character.  When  there  is  no  record  of  arrest  or  convic- 
tion of  crime,  he  is  classed  as  an  honest  man.  But  with  one  or  more  ar- 
rests or  convictions  recorded  against  him,  he  loses  his  place  as  an  honest 
man  and  is  counted  as  a  criminal.  While  the  gravity  of  the  offences 
charged  may  have  some  effect  in  assigning  him  a  lower  place,  having  a 
more  or  less  suspicious  character,  yet  this  is  not  nearly  so  true  as  the  same 
thing  would  be  in  our  country. 

A  man  who  has  sundry  convictions  recorded  against  him,  however 
small  the  offences  may  be,  will  be  classed  as  a  criminal.  It  is  from  these 
and  similar  records  that  Lombroso  and  his  colleagues  obtained  their  sta- 
tistics and  determine  who  are  criminals  and  who  are  not.  The  physical 
characteristics,  peculiarities,  or  anomalies  found  among  these  criminal 
classes  are  used  by  Lombroso  as  evidence  that  the  individual  was  crimi- 
nal bom.  It  requires  but  little  argument  to  show  that  statistics  made 
from  such  records  as  these  would  be  unreliable  as  to  criminality ;  and 
conclusions  based  upon  them  must  be  equally  unreliable.  If  I  were 
pushing  an  investigation  of  Lombroso's  method  to  its  legitimate  end,  I 
would  attack  the  correctness  of  his  statistics  in  the  manner  indicated. 

I  have  never  been  a  believer  in  the  correctness  of  Lombroso's  theory, 
and  will  devote  the  few^  remaining  pages  of  this  paper  to  an  elaboration 
of  my  objections. 

It  must  have  been  apparent  to  any  observing  person  that  it  was  impos- 
sible to  determine  from  the  mere  appearance  of  an  individual,  whether  he 
was  or  was  not  guilty  of  any  specific  crime.  When  applied  to  an  individ- 
ual charged  with  a  specific  crime,  the  proposition  is  absurd,  and  yet  the 
correlative  proposition,  /.  ^.,  that  the  accused  is  a  born  criminal,  predes- 
tined to  commit  certain  crimes,  and  this  may  be  determined  solely  from 
his  physical  characteristics  and  appearance,  is  equally  absurd  for  Lom- 
broso's theory.  One  who  has  had  any  experience  with  criminals,  espe- 
cially before  a  court  and  jur>',  and  while  it  is  as  yet  uncertain  whether  the 
accused  is  a  criminal  or  not,  must  be  satisfied  that  no  mere  physical  in- 
spection can  be  relied  upon  to  determine  either  whether  the  accused  com- 
mitted this  particular  crime  or  whether  he  may  have  been  guilty  of  simi- 
lar crimes.  Every  person  with  the  opportunity  of  observation  as  fur- 
nished before  courts  and  juries  must  recognize  that  some  of  the  persons 
proved  guilty  beyond  all  escape,  were  as  handsome,  well  and  finely 
formed,  either  in  face  or  figure,  as  far  from  stigma  or  anomaly,  as  any 
that  ever  graced  a  drawing-room.  Certain  of  the  offences  charged  could 
only  have  been  committed  by  gentlemen  of  good  appearance,  good  man- 
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ners  and  good  education.  One  who,  being  appointed  to  a  high  oflfice, 
has  procured  his  friends  to  sign  heavy  bonds  for  the  faithful  performance 
of  his  duties,  and  then  embezzles  the  money  entrusted  to  him,  can 
scarcely  be  supposed  to  have  a  stigma  upon  his  personal  appearance  which 
will  mark  him  as  a  criminal  and  yet  deceive  his  friends  and  the  public  to 
the  extent  indicated  ;  the  swindler  who  sells  property  which  he  does  not 
own,  or  that  is  valueless,  like  a  salted  mine,  or  who  beguiles  the  mer- 
chant or  tradesman  to  trust  him  with  the  property,  he  intending  from  the 
beginning  to  make  way  with  it,  cannot  be  expected  to  have  a  mark  upon 
his  face,  whether  in  some  of  his  features,  the  shape  of  his  skull,  or  what 
not,  by  which  Lombroso  or  any  other  person,  however  learned  and  ex- 
perienced, could  determine  him  to  be  a  criminal  or  belong  to  the  crimi- 
nal classes.  Only  persons  of  good  appearance  and  without  stigma  in 
face,  form  or  physiognomy,  could  obtain  the  confidence  of  the  bankers 
or  merchants  sufficiently  to  deceive  and  defraud  them  and  thus  be  en- 
abled to  commit  this  class  of  crimes. 

I  would  not  dispute  the  proposition  that  criminals  may  have  different 
appearances  from  honest  men,  but  these  are  caused  more  by  the  environ- 
ment of  their  life  than  by  their  original  character.  A  boy  who  com- 
mences his  life  as  a  truant  and  idler,  who  becomes  profligate,  associates 
with  thieves  and  vagabonds,  and  who  continues  this  life  until  middle  age, 
will  doubtless  bear  marks  of  his  evil  life  upon  his  face  so  they  can  be 
recognized,  whether  by  the  anthropologists  and  anatomists,  or  by  the 
cashier  or  bank  teller  on  whom  he  seeks  to  pass  a  forged  check,  or  by 
the  merchant  whom  he  proposes  to  swindle  out  of  a  bill  of  goods.  But 
such  marks  come,  not  from  his  natural  or  original  character,  but  from 
his  evil  habits  and  associations.  I  remember  an  illustrated  poem  repre- 
senting the  life  and  character  of  two  boys,  showing  them  in  each  verse 
at  periods  of  perhaps  ten  years*  intervals  from  infancy  to  old  age.  Ais 
infants  they  were  the  counterpart  of  each  other ;  but  one  leads  an  idle, 
waywaid  and,  finally,  criminal  life ;  the  other  an  industrious,  honest  and 
respectable  life,  and  their  different  lives  were  reflected  in  their  respective 
faces,  a  comparison  of  which  produced  a  result  that  can  better  be  imag- 
ined than  described. 

But  all  this  has  to  do  with  the  science  of  physiognomy,  for  which  we 
must  refer  to  Lavater,  who  was  at  once  its  apostle  and  high  priest.  The 
attempt  to  follow  him  would  lead  me  too  far  afield  ;  I  can  only  present, 
by  way  of  ocular  demonstration,  certain  pictures  illustrative  of  the  ex- 
treme ends  of  this  scale  and  leave  the  reader  to  assort  them  to  suit  him- 
self. The  pictures  are  taken  from  composite  photographs ;  one  pair  rep- 
resents about  forty  eminent  physicians  and  surgeons  who  were  in  attend- 
ance upon  one  of  the  national  medical  congresses  (Plate  I)  ;  the  other 
two  represent,  the  one,  the  composite  photographs  of  twenty  dullards, 
and  the  other  thirty-eight  of  the  average  criminals,  inmates  of  the  Elmira 
Reformatory  (Plate  II). 

Dr.  Magnan,  in  charge  of  the  Asylum  of  Sainte  Anne,  Paris,  introduced 
before  the  second  congress  of  criminal  anthropology,  a  series  of  photo- 
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graphs  of  eight  children  from  twelve  to  seventeen  years  of  age  (Plates 
III  and  IV).  He  declared  these  to  be  average  specimens,  and  that  he 
had  others  under  his  charge  which  might  serve  his  purpose  equally  well. 
He  introduced  them  to  show  they  had  no  physical  peculiarities  marking 
them  as  criminals  ;  they  may  not  have  been  handsome,  but  most  of  them 
were  of  average  good  appearance.  He  introduced  these  photographs  be- 
fore Lombroso  and  his  colleagues  with  the  purpose  of  controverting  their 
theory,  and  invited  them  to  point  out  any  stigma  or  physical  sign  or 
peculiarity  on  any  of  the  eight  which  gave  evidence  of  their  being  crimi- 
nal ne.  Yet  Dr.  Magnan  declared  these  individuals  to  be  almost  the  per- 
sonification of  youthful  vice  and  crime.  He  attributed  their  present  evil 
disposition  largely  to  the  environment  of  their  lives,  and  said  that  any 
child  with  the  purest  heredity  and  the  best  character,  if  subjected  to  the 
same  influences  as  had  these  during  their  adolescence,  might  be  expected 
to  grow  into  vice  and  crime.  Dr.  Magnan  confessed  that  the  ancestors 
of  these  children  were  none  of  the  best,  and  conceded  that  heredity  had 
much  to  do  with  the  formation  of  these  habits ;  that  it  at  least  may  have 
furnished  the  germs  which  were  the  basis  of  the  appetites  and  passions 
out  of  which  their  particular  vice  and  crime  grew.  A  study  of  this  hered- 
ity might  be  interesting,  but  as  Kipling  says,  that  is  another  story. 

The  author  of  '*  Crimes  and  Criminals  "  is  somewhat  of  a  believer  in 
Lonibroso's  theory-,  and  in  his  book  publishes  several  portraits  of  later 
criminals,  with  the  suggestion  that  their  personal  appearance  is  indica- 
tive of  their  criminal  predilections.  Two  remarks  are  to  be  mada  con- 
cerning this  suggestion.  First,  an  inspection  of  the  portraits  demonstrates 
that  most  of  the  individuals  represented  show  no  physical  stigma  indica- 
tive of  criminal  predisposition .  In  appearance  they  are  not  materially 
different  from  the  average  individual  who  passes  as  reasonably  honest  in 
the  society  where  known  ;  and,  second,  if  there  be  doubt  on  this  ques- 
tion ,  that  at  most  the  stigma  consists  of  but  an  expression  which  might 
be  obtained  by  anj^  one  who  was  born  into  the  same  criminal  society  as 
were  these,  or  who  was  brought  under  the  same  evil  surroundings  and 
conditions.  His  portraits  of  his  criminals  and  the  description  of  their 
lives  and  surroundings  furnish  ample  evidence  of  these  truths,  and  are 
themselves  in  opposition  to  the  proposition  they  are  intended  to  support. 

Nothing  can  be  done  scientifically  in  criminology  without  accurate  and 
detailed  statistics  concerning  the  lives  of  the  delinquents. 

An  example  of  this  is  shown  by  the  records  made  by  our  worthy  vice- 
president  in  his  official  character  as  secretary  of  the  Board  of  State  Chari- 
ties at  Indianapolis  ;  and  I  desire  to  express  before  this  section  my  appro- 
bation of  such  systems  as  he  has  inaugurated,  and  commend  them  to  the 
attention  of  all  officers  in  the  United  States  charged  with  similar  duties. 
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Traps  of  the  Amerinds.    A  Study  in  Psychology  and  Invention. 
By  Otis  T.  Mason,  U.  S.  National  Museum,  Washington,  D.  C. 

That  unicorns  may  be  betrayed  with  trees. 
And  bears  with  glasses,  elephants  with  holes, 
Lions  with  toils  and  men  with  flatteries,     .    .    . 

Let  me  work ; 
For  I  can  give  his  humor  the  true  bent, 
And  I  will  bring  him  to  the  Capitol. 

Julius  Caesar,  II,  i. 

MEANING  OF  THE  TERM  AMERIND. 

America,  in  this  connection,  embraces  all  of  the  Western  Hemisphere 
visited  by  the  native  tribes  in  their  activities  associated  with  the  animal 
kingdom.  It  might  be  allowed  to  exclude  a  small  number  of  frozen  or 
elevated  or  desert  regions  untrodden  by  human  feet,  were  it  not  for  the 
fact  that  most  of  these  were  the  favorite  resorts  of  zoomorphic  gods  and 
all  creatures  of  the  aboriginal  imagination.  Most  certainly  the  name 
America  must  in  this  study  include  those  oceanic  meadows  or  feeding 
grounds,  stretching  out  from  the  continents  often  more  than  a  hundred 
miles,  whereon  were  bom  and  nourished  innumerable  creatures,  verte- 
brate and  invertebrate,  which  dominated  the  activities  of  the  littoral 
tribes,  penetrating  far  inland,  and  carrying  back  in  the  shape  of  live  ani- 
mals, including  fish,  birds,  and  mammals,  the  by-products  of  terrestrial 
activities. 

Amerind,  or  Amerindian,  is  merely  an  abbreviation  of  the  phrase 
"American  Indian,"  which  has  fastened  itself  on  our  literature  despite 
the  errors  which  it  involves. 

DEFINITION  OF  THE  TERM  TRAP. 

A  trap  is  an  invention  for  the  purpose  of  inducing  animals  to  commit 
incarceration,  self-arrest,  or  suicide.  In  the  simplest  traps  the  automa- 
tism is  solely  on  the  part  of  the  animal,  but  in  the  highest  forms  auto- 
matic action  of  the  most  delicate  sort  is  seen  in  the  traps  themselves, 
involving  the  harnessing  of  some  natural  force,  current,  weight,  spring, 
and  so  on,  to  do  man's  work. 

The  climax  of  invention  in  any  direction  is  automatic  action.  The 
human  hand  comes  first  as  efficient  in  human  work,  and  its  own  move- 
ments are  supplemented  and  intensified  by  devices,  but  gradually  it  with- 
draws itself,  its  activities  being  at  last  performed  by  apparatus  which 
function  in  its  absence. 

These  assertions  hold  true  in  the  devices  for  capturing  animals,  which 
in  their  simplest  forms  are  merely  taking  them  with  the  hand  just  as  in 
gathering  fruits.  By  a  second  step  they  are  harvested  with  devices — 
scoop-nets,  dippers,  seines,  hooks  that  are  substitutes  for  the  crooked 
finger,  reatas,  dulls,  bolas,  and  many  more.  A  third  step  leads  to  active 
slaughter  with  clubs  for  bruising,  knives  and  axes  for  cutting  and  hack- 
ing, and  with  a  thousand  and  one  implements  for  piercing  and  retrieving. 
In  these  the  hunters  are  present  and  active,  making  war  on  the  animal. 

In  the  matter  of  automatism  there  is  no  great  gulf  between  the  trapper 
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and  the  hunter.  At  both  ends  and  in  the  middle  of  the  trap's  activity  the 
man  may  be  present,  but  not  to  the  victim.  Not  waiting  for  the  victim 
to  go  to  its  doom  of  its  own  will,  the  hunter,  having  set  his  trap,  pro- 
ceeds to  entice  and  compel  the  game  ;  he  has  learned  to  imitate  to  per- 
fection the  noises  of  birds  and  beasts — it  may  be  of  those  he  is  hunting, 
of  others  hunted  by  them  or  their  enemies ;  he  knows  the  smells  that  are 
agreeable  and  the  dainty  foods  most  liked  ;  on  the  contrary  he  also  knows 
how  to  allay  suspicions  in  one  direction,  to  arouse  them  in  another, — 
always  with  the  trap  in  his  mind. 

The  action  of  the  trap  itself  is  also  frequently  assisted  by  the  hunter 
out  of  sight.     He  releases  the  pent-up  force  of  gravity,  of  elasticity. 

Finally,  the  result  of  the  trap's  action  is  to  hand  the  victim  over  to  the 
hunter  to  carry  away  or  to  kill.  Often  the  trap  does  the  killing  outright, 
and  the  result  is  raw  material  for  the  elaborative  industries ;  but  in  other 
cases  the  hunter  must  be  near  by  to  give  the  coup  de  grdce :  the  instances 
are  many  where  the  victim  must  be  despatched  at  once,  or  the  trap  will 
be  destroyed  and  the  result  lost. 

THE  TRAP  AS  AN  INVENTION. 

As  intimated,  the  trap  teaches  the  whole  lesson  of  invention  :  At  first 
it  is  something  that  the  animal  unwittingly  treads  on  (Middle  Low  Ger- 
man, treppen,  to  tread  ;  tramp  is  a  kindred  word)  in  its  tramps  and  walks 
or  falls  into  durance;  at  last  it  is  a  combination  of  movement  and  obstruc- 
tion, of  release  and  execution,  which  vies  in  delicacy  with  the  most  de- 
structive weapons.  Gravity  and  elasticity  are  harnessed  by  ingenious 
mechanical  combinations.  It  is  possible  to  trace  the  new  and  useful  ad- 
ditions in  each  class,  which  in  the  Patent  Ofl&ce  would  be  called  inven- 
tions. To  follow  these  in  savagery  and  barbarism,  before  there  were 
monopolies  and  patents,  is  an  interesting  contribution  to  the  history  of 
empiricism. 

THE  TERM  PSYCHOLOGY. 

In  this  paper  the  term  psycholog>*  stands  for  all  those  mental  processes 
that  are  caused  and  developed  by  trapping.  There  is  the  mental  activity 
of  the  animal  and  that  of  the  man ;  the  trap  itself  is  an  invention  in 
which  are  embodied  most  careful  studies  in  animal  mentation  and  habits 
— the  hunter  must  know  for  each  species  its  food,  its  likes  and  dislikes, 
its  weaknesses  and  foibles.  A  trap  in  this  connection  is  an  ambuscade,  a 
deceit,  a  temptation,  an  irresistible  allurement ;  it  is  strategy.  Inasmuch 
as  each  species  has  its  own  idiosyncrasies,  and  as  the  number  of  species 
was  unlimited,  the  pedagogic  influence  of  this  class  of  inventions  must 
have  been  exalting  to  a  high  degree  for  the  primitive  tribes. 

The  variety  of  execution  to  be  done  by  the  trap,  irrespective  of  the 
species  of  animals,  was  very  great.  It  had  to  inclose  or  impound  or  en- 
cage, or  to  seize  by  the  head,  horns,  limbs,  gills;  to  maim,  wound,  crush, 
slash,  brain,  impale,  poison,  and  so  on,  as  though  it  had  reason — that  is, 
the  thought  of  the  hunter  had  to  be  locked  up  in  its  parts  ready  to  spring 
into  eflficiency  at  a  touch.     As  population  increased,  wants  became  more 
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varied  and  animals  made  themselves  more  scarce.  Tbey  also  became 
more  intellectual  and  wary.  If  any  reader  of  this  may  himself  have  been 
a  trapper  he  will  remember  the  scrupulous  care  with  which  he  proceeded 
at  every  point — to  make  the  parts  stable  or  unstable,  to  choose  out  of 
innumerable  places  one  that  to  a  careful  weighing  of  a  thousand  indica- 
tions seemed  best,  to  set  the  trap  in  the  fittest  manner,  and  at  last  to  cover 
his  tracks  so  that  the  most  wary  creature  would  not  have  the  slightest 
suspicion. 

The  Amerind  knew  that  the  beaver  makes  for  deep  water  when  caught, 
so  he  fastened  to  the  trap  a  heavy  stone  which  held  the  creature  under 
until  it  was  drowned  ;  he  knew  also  that  the  beaver  would  amputate  its 
own  leg  when  it  found  itself  seized,  so  he  must  provide  for  that.  The 
beaver's  objection  to  the  smell  of  anything  human  is  also  strong,  so  the 
most  aromatic  substances  have  to  be  mixed  with  castor  to  sink  the  weaker 
into  the  stronger  scent.  The  savages  making  a  cooperative  onslaught 
upon  a  village  of  beavers  anticipated  their  plunging  into  the  stream  by 
rows  of  stakes  driven  close  together,  and  killed  the  beavers  while  trying 
to  make  their  escape.  To  catch  a  fox  it  was  necessary  to  win  its  confi- 
dence, and  this  the  savage  knew  ;  so  he  prepared  a  trap  that  was  perfectly 
harmless,  and  let  Reynard  walk  about  over  the  ashes  or  fresh  earth  or 
chaff,  picking  up  dainty  bits,  until  all  suspicion  was  removed.  Then  was 
the  time  to  conceal  the  trap ;  but  all  vestiges  of  human  hand  or  foot  must 
be  removed,  and  the  apparatus  must  be  cleaned  and  smoked  most 
effectually. 

PARTS  OF  TRAPS. 

The  trap,  like  all  other  inventions,  has  classes  of  parts,  namely,  the 
working  part,  and  the  mechanical,  manual,  and  animal  part.  The  victim 
finds  itself  in  a  pound,  deadfall,  cage,  hole,  box,  toil,  noose,  or  jaw,  on  a 
hook,  gorge,  pale,  or  knife,  and  so  on.  This  dangerous  element,  to  re- 
peat, may  not  need  any  accessories.  The  fish  swims  into  a  fyke,  the  ani- 
mal walks  into  a  pit  or  pound,  the  bird  or  climbing  animal  finds  itself  in 
a  cage  with  racheted  entrance  to  prevent  egress  ;  that  is  all. 

In  a  higher  stage  of  invention,  where  the  forces  of  gravity  and  elasticity 
are  invoked  to  do  the  incarceration,  arrest,  or  execution,  there  has  to  be 
found  between  the  lure  and  the  execution  a  host  of  devices,  and  these 
form  an  ascending  series  of  complexities.  The  simplest  of  these  inter- 
mediary inventions  is  an  unstable  prop  or  support  of  some  kind ;  the 
slightest  pull  at  a  bait  removes  the  ticklish  thing,  and  weight  or  noose  or 
other  deadly  part  is  set  free.  The  trigger  and  the  catch  are  more  com- 
plicated and  varied ;  the  secret  of  them  all,  however,  is  that  an  unstable 
catch  is  released  by  the  animal  in  passing,  in  prying  curiosity,  or  in  rub- 
bing ;  this  is  connected  by  means  of  sticks  and  strings  to  the  last  release, 
since  the  operation  of  releasing  is  in  connection  with  the  device  in  which 
the  force  is  confined  and  by  which  the  work  is  to  be  done.  In  the  high- 
est forms  of  weight-traps  and  spring-traps  there  are  veritable  machines, 
since  they  change  the  direction  and  the  effect  of  motion.     It  is  on  these 
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that  most  ingenuity  has  been  expended,  and  in  them  is  exhibited  that 
wonderful  threefold  play  of  working  force,  work  to  be  done,  and  pro- 
cesses of  reaching  the  end.  Variations  in  the  materials  utilized  will  play 
no  mean  part  also  in  a  continent  covering  all  zones  save  the  antarctic,  all 
elevations  at  which  man  can  live,  and  all  varieties  of  vegetal  phenomena 
growing  out  of  temperature  and  rainfall.  To  proceed  with  some  order  it 
will  be  necessary  to  divide  the  Western  Hemisphere  into  convenient  cul- 
ture-areas ;  the  following  will  serve  for  a  provisional  list : 

Amerind  Culture-areas. 

A  reas.  Peoples, 

1  Artie.  Eskimo. 

2  Canadian.  Athapascan. 

3  Atlantic  slope.  Algonquian-Iroquois. 

4  Mississippi  valley.  Siouan. 

5  Louisiana  or  Gulf.  Muskhogean. 

6  Southeastern  Alaska.  Haida-Koluschan. 

7  Columbian  regrion.  Salish-Chinookan. 

8  Interior  basin.  Shoshonean. 

9  California  regrion.  Very  mixed  stocks. 

.  10  Pueblo  region.  Tanoan-Tewan  and  Sonoran. 

11  Middle  American.  Nahua-Mayan. 

12  Cordilleran  region.  Chibcha-Kechuan. 

13  Antillean  region.  Arawak-Caribbean. 

14  Upper  Amazonian  region.  Jivaro,  Peba,  Puno,  etc. 

15  Eastern  Brazilian  region.  Tupi-Guarani,  Tapuya. 

16  Mato  Grosso  and  southward.  Mixed  people  of  Brazilian  and  Andean 

types. 

17  Argentina-Patagonian  region.  Chaco,    Pampean,     and    Patagonian 

stocks. 

18  Fueg^an  region.  Aliculuf,  Ona,  and  Yahgan. 

The  inquiry  will  not  be  raised  here  whether  the  traps  not  made  of  metal 
and  found  in  the  hands  of  the  American  savages  are  entirely  aboriginal 
or  whether  there  has  been  acculturation.  A  good  knowledge  of  the  traps 
as  they  exist  or  existed  will  go  far  toward  settling  the  question  of  origin. 

CI^ASSIFICATION  OF  TRAPS. 

Traps  are  variously  classified  according  to  the  concept  in  the  student's 
mind.     If  it  be  the  natural  element  in  which  they  work,  there  will  be  : 

Land  traps  for  mammals,  birds,  reptiles,  and  invertebrates, 

Water  traps  for  mammals,  birds,  reptiles,  fishes,  and  invertebrates, 

Air  traps  for  birds  and  insects. 

With  reference  to  their  parts,  either  mechanical  or  eflficient,  there  are 
a  multitude  of  names  which  will  appear  in  a  separate  vocabulary.  In  the 
setting  they  are  man-set,  self-set,  ever-set,  and  victim-set. 

For  the  purposes  of  this  paper  traps  may  be  divided  into  three  groups ; 
namely,  (A)  inclosing,  (B)  arresting,  (C)  killing.  In  each  of  these  we 
may  begin  with  the  simpler  forms — those  with  the  least  mechanism — and 
end  with  those  that  are  more  intricate. 
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varied  and  animals  made  themselves  more  scarce.  Tbey  also  became 
more  intellectual  and  wary.  If  any  reader  of  this  may  himself  have  been 
a  trapper  he  will  remember  the  scrupulous  care  with  which  he  proceeded 
at  every  point — to  make  the  parts  stable  or  unstable,  to  choose  out  of 
innumerable  places  one  that  to  a  careful  weighing  of  a  thousand  indica- 
tions seemed  best,  to  set  the  trap  in  the  fittest  manner,  and  at  last  to  cover 
his  tracks  so  that  the  most  wary  creature  would  not  have  the  slightest 
suspicion. 

The  Amerind  knew  that  the  beaver  makes  for  deep  water  when  caught, 
so  he  fastened  to  the  trap  a  heavy  stone  which  held  the  creature  under 
until  it  was  drowned ;  he  knew  also  that  the  beaver  would  amputate  its 
own  leg  when  it  found  itself  seized,  so  he  must  provide  for  that.  The 
beaver's  objection  to  the  smell  of  anything  human  is  also  strong,  so  the 
most  aromatic  substances  have  to  be  mixed  with  castor  to  sink  the  weaker 
into  the  stronger  scent.  The  savages  making  a  cooperative  onslaught 
upon  a  village  of  beavers  anticipated  their  plunging  into  the  stream  by 
rows  of  stakes  driven  close  together,  and  killed  the  beavers  while  trying 
to  make  their  escape.  To  catch  a  fox  it  was  necessary  to  win  its  confi- 
dence, and  this  the  savage  knew  ;  so  he  prepared  a  trap  that  was  perfectly 
harmless,  and  let  Reynard  walk  about  over  the  ashes  or  fresh  earth  or 
chaff,  picking  up  dainty  bits,  until  all  suspicion  was  removed.  Then  was 
the  time  to  conceal  the  trap  ;  but  all  vestiges  of  human  hand  or  foot  must 
be  removed,  and  the  apparatus  must  be  cleaned  and  smoked  most 
effectually. 

PARTS  OF  TRAPS. 

The  trap,  like  all  other  inventions,  has  classes  of  parts,  namely,  the 
working  part,  and  the  mechanical,  manual,  and  animal  part.  The  victim 
finds  itself  in  a  pound,  deadfall,  cage,  hole,  box,  toil,  noose,  or  jaw,  on  a 
hook,  gorge,  pale,  or  knife,  and  so  on.  This  dangerous  element,  to  re- 
peat, may  not  need  any  accessories.  The  fish  swims  into  a  fyke,  the  ani- 
mal walks  into  a  pit  or  pound,  the  bird  or  climbing  animal  finds  itself  in 
a  cage  with  racheted  entrance  to  prevent  egress  ;  that  is  all. 

In  a  higher  stage  of  invention,  where  the  forces  of  gravity  and  elasticity 
are  invoked  to  do  the  incarceration,  arrest,  or  execution,  there  has  to  be 
found  between  the  lure  and  the  execution  a  host  of  devices,  and  these 
form  an  ascending  series  of  complexities.  The  simplest  of  these  inter- 
mediary inventions  is  an  unstable  prop  or  support  of  some  kind ;  the 
slightest  pull  at  a  bait  removes  the  ticklish  thing,  and  weight  or  noose  or 
other  deadly  part  is  set  free.  The  trigger  and  the  catch  are  more  com- 
plicated and  varied ;  the  secret  of  them  all,  however,  is  that  an  unstable 
catch  is  released  by  the  animal  in  passing,  in  prying  curiosity,  or  in  rub- 
bing ;  this  is  connected  by  means  of  sticks  and  strings  to  the  last  release, 
since  the  operation  of  releasing  is  in  connection  with  the  device  in  which 
the  force  is  confined  and  by  which  the  work  is  to  be  done.  In  the  high- 
est forms  of  weight-traps  and  spring-traps  there  are  veritable  machines, 
since  they  change  the  direction  and  the  effect  of  motion.     It  is  on  these 
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be  intentionally  shut,  or  a  pound-shaped  barrier  be  set  up  so  that  the  re- 
turn of  those  which  pass  in  is  impossible.  Most  pounds,  whether  in  water 
or  on  land,  have  some  natural  or  artificial  lane  for  conducting  the  game 
to  the  gateway.  On  either  side  may  be  precipices,  trees  with  ropes  or 
wattles  between  wing-nets,  or  something  of  the  kind  along  which  ani- 
mals pursue  their  natural  course  and  are  lured  or  driven  to  the  pen. 

(d)  Cage-traps. — In  this  class  must  be  grouped  all  forms  of  coops  and 
strong  house-traps  on  land,  and  a  great  variety  of  cones,  pockets,  and 
fish-traps  in  the  waters  :  all  of  these  are  designed  for  climbing,  fijdng,  or 
swimming  creatures.  The  cage-  or  coop-trap,  completely  inclosed  on 
every  side,  is  a  step  in  advance  of  an  open  pen,  whether  on  land  or  in  the 
water.  The  majority  of  cage-traps  have  funnel-shaped  entrances,  into 
which  the  animal  passes  easily  and  unrestrained,  but  exit  is  prevented  by 
means  of  a  pointed  strip  of  wood  or  other  substance  acting  as  a  ratchet ; 
or,  in  the  case  of  nets,  the  small  end  of  the  funnel  consists  of  a  series  of 
string  gates,  which  the  animal  passes,  and  these  close  the  mouth  of  the 
net  so  as  to  prevent  escape. 

Among  the  Eskimo  a  unique  contrivance  for  catching  foxes  was  a  net 
which  was  made  to  be  set  around  a  burrow.  Stakes  were  driven  into  the 
snow  to  support  the  net,  which  was  about  five  feet  high ;  in  the  corners 
were  long  pockets,  opening  wide  into  the  net  but  gradually  contracting 
until  the  fox  could  go  no  farther ;  endeavoring  to  turn  back,  it  became 
hopelessly  entangled  and  died  of  fright  and  cold. 

{c)  Pits. — The  digging  of  pits  was  not  common  in  America  before  the 
discovery,  owing  to  the  lack  of  metallic  excavating  tools.  Pits  partially 
dug  out  and  partially  built  up  were  seen  here  and  there  as  a  blind  for  the 
hunter,  who  concealed  himself  therein.  Boas,  quoting  Lyon,  describes 
an  Eskimo  fox-trap  in  the  snow  into  which  the  animal  jumped,  and  was 
unable  to  extricate  itself ;  it  was  like  a  small  lime-kiln  in  form,  having  a 
hole  near  the  top  in  which  the  bait  was  placed  ;  the  foxes  were  obliged 
to  advance  over  a  piece  of  whalebone  which  bent  beneath  their  weight 
and  let  them  into  the  prison. 

The  central  Eskimo,  according  to  the  same  authority,  dig  a  wolf-trap  in 
the  snow  and  cover  it  with  a  slab  of  snow  on  which  the  bait  is  laid  ;  the 
wolf  breaks  through  the  roof,  and  as  the  bottom  of  the  pit  is  too  narrow 
to  afford  him  jumping  room,  he  is  caught. 

The  Cree,  in  the  Saskatchewan  country,  place  at  the  end  of  their  deer- 
drives  a  log  of  wood,  and  on  the  inner  side  make  an  excavation  suflSciently 
deep  to  prevent  the  animal  from  leaping  back. 

Pitfalls  are  said  to  have  been  used  by  the  Indians  of  Massachusetts. 
They  are  described  as  oval  in  shape,  three  rods  long  and  fifteen  feet  deep. 

The  Concow  Indians  of  California  are  said  to  catch  grasshoppers  for 
food  by  driving  them  into  pits.  The  Achomawi,  or  Pit  River  Indians, 
dug  deer  pitfalls,  ten  or  twelve  feet  deep,  by  means  of  sticks,  and  carried 
the  earth  away  in  baskets.  In  southern  Brazil,  also,  wild  beasts  were 
caught  in  pits  dug  for  that  purpose  and  covered  with  leaves. 
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{d)  Door-traps. — The  last  form  of  inclosing  trap  to  be  mentioned  here 
is  also  the  most  mechanical ;  it  includes  those  in  which  a  g^te  or  door 
falls  and  incloses  the  whole  of  the  animal,  or  in  which  a  cage,  one  side  of 
which  is  held  up  by  an  unstable  prop,  falls  and  incloses  the  victim. 

Among  inventions  of  capture  in  which  the  operator  is  present,  the  in- 
closing trap  resembles  the  inclosing  net  or  seine. 

Parry  describes  a  small  house-trap,  made  of  ice  and  used  by  the  Eskimo 
for  foxes,  at  one  end  of  which  was  a  door  made  of  the  same  material  to 
slide  up  and  down  in  a  groove.  This  door  was  sustained  by  a  line  which 
passed  over  the  roof  and  was  caught  inside  on  a  hook  of  ice  by  means  of 
a  loose  grommet,  to  which  the  bait  was  fastened.  The  fox,  pulling  at  the 
bait,  released  the  door  of  ice  and  found  itself  in  prison. 

Crantz  describes  a  house-trap,  used  by  the  Green  landers,  in  which  a 
broad  stone  forms  the  movable  door.  I  have  seen  a  trap  of  similar  mech- 
anism, used  by  folks  in  the  eastern  United  States,  in  which  a  cage  or  basket 
is  propped  up  with  a  loop  of  splint ;  this,  pulled  inside  by  the  animal 
tugging  at  the  bait,  brings  down  the  cage  upon  the  victim.  Doubtless 
this  form  of  imprisoning  animals  designed  to  be  taken  alive  was  quite  well 
spread  over  the  continent. 

B.      ARRESTING  TRAPS. 

The  arresting  traps  are  designed  to  seize  the  victim  by  the  neck  or  gills 
or  feet,  resulting  in  death  but  not  killing  it  outright. 

{e^  Mesh  nets. — ^The  mesh  net  is  based  on  the  fact  that  birds,  beasts, 
and  fishes,  by  the  conformation  of  their  bodies  or  by  the  set  of  the  hair, 
feathers,  or  gills,  may  ratchet  themselves  ;  that  is,  they  can  move  in  one 
direction  into  the  net,  but  cannot  withdraw  themselves.  To  this  class 
belong  "  toils"  for  land  animals,  trammels  and  gill  nets  for  aquatic  ani- 
mals. 

Among  the  archeologic  treasures  of  our  National  Museum  are  many  net- 
sinkers,  which  would  lead  us  to  the  conclusion  that  netting  is  an  old  art 
among  the  aborigines.  The  great  majority  of  meshing  devices  are  for 
aquatic  animals,  but  tribes  on  the  coast  of  British  Columbia  suspend  long 
nets  between  long  poles  in  order  to  capture  migratory  geese  and 
ducks.  The  Eskimo  make  nets  of  sinew,  of  rawhide,  and  of  baleen  ;  these 
nets  are  set  across  the  rivers  in  open  water,  but  more  ingeniously  under 
the  ice  by  means  of  holes  cut  at  such  distances  apart  as  to  enable  the 
fisherman  to  draw  the  net  out  and  in  by  means  of  a  very  primitive  tackle. 
In  order  to  set  the  net,  the  line  is  put  over  the  end  of  the  pole  and  thrust 
under  the  ice  and  in  the  direction  of  the  other  hole,  from  which  another 
pole  with  a  hook  on  the  end  is  run .  The  upper  edge  of  the  net  has  floats 
and  the  lower  end  sinkers. 

A  device  somewhat  in  the  nature  of  this  is  doubtless  used  by  the  Eskimo 
of  Point  Barrow  for  catching  seals :  four  holes  are  drilled  through  the  ice 
-about  a  breathing-hole  ;  from  these  a  net  is  set  under  the  breathing-hole, 
the  lines  being  worked  through  the  four  comers  of  the  space ;  the  net  is 
hung  under  the  ice,  and  the  seal  coming  to  breathe  is  entangled  therein. 
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Gill  nets  are  set  for  seal  after  the  ice  forms  along  the  shore.  Murdoch 
reports  that  smaller  seals  are  captured  also  in  meshing  nets  of  rawhide  set 
along  the  shore  in  shallow  water  ;  he  refers  to  many  authorities  on  the 
same  subject,  but  thinks  that  the  meshing  nets  in  northern  Alaska  came 
from  Siberia. 

The  use  of  gill  nets  is  universal  throughout  Alaska,  whether  it  was  an 
aboriginal  invention  or  not.  Elliott  illustrates  Eskimo  squaws  catching- 
salmon  in  a  gill  net  consisting  of  a  pole  and  a  triangular  net  attached. 
The  pole  rests  on  a  stone  at  the  water-line,  while  the  net  sinks  in  the 
water ;  as  soon  as  a  fish  strikes,  the  women  lift  the  pole,  extricate  the 
fish,  and  reset  the  net. 

Mesh-fishing  is  also  quite  common  among  the  Athapascan  tribes,  both 
on  the  Yukon  and  on  the  Mackenzie.  Charlevoix  states  that  in  St 
Francis  River,  Canada,  the  Indians  made  holes  in  the  ice  through  which 
they  let  nets  five  or  six  fathoms  long  ;  he  also  describes  the  taking  of 
beavers  by  means  of  nets.  - 

(f)  Set-hooks. — These  may  be  employed  on  land  or  in  the  water  for 
taking  mammals,  birds,  or  fishes.  A  toggle  or  gorge  may  be  so  baited  or 
placed  that  a  duck  or  a  goose,  by  diving  and  swallowing  it,  may  be  held 
under  the  water  and  drowned.  A  single  hook  may  be  set  for  vermin,  or 
baited  and  left  in  the  water,  especially  for  large  fish  ;  for  the  smaller  fish, 
the  trawl  or  trot-line  holding  several  hooks  may  be  stretched  across  a 
body  of  water,  and  thus  the  game  may  be  secured  in  the  absence  of  the 
fisherman. 

In  one  sense,  most  hooks  used  in  taking  birds  and  fishes  are  traps. 
They  are  baited  and  cast  into  the  water  or  placed  in  such  position  on  land 
that  the  hunter  is  out  of  sight.  A  line  is  attached  to  hooks  of  this  kind^ 
one  end  of  which  may  be  held  in  the  bands  of  the  hunter  or  tied  to  a 
buoy  or  other  signal  device. 

Anything  like  a  comprehensive  treatment  of  this  capture  invention 
would  far  exceed  the  limits  of  this  paper ;  but  it  is  interesting  to  note 
that  fish-hooks  are  not  found  in  many  American  areas — large  regions  are 
entirely  devoid  of  them,  and  even  in  ancient  mounds  and  works  all  such 
relics  are  wanting.  No  picture  of  a  fish-hook  is  seen  in  any  Mexican  or 
Maya  codex,  and  Von  den  Steinen  notes  the  entire  absence  of  fish-hooks 
from  large  places  on  the  affluents  of  the  Amazon.  The  simplest  form  of 
this  class  of  devices  was  seen  by  Lumholtz  among  the  Tarahumari  in 
northern  Mexico  ;  they  catch  blackbirds  by  tying  corn  on  a  snare  of  pita, 
fiber  hidden  under  the  ground  ;  the  bird  swallows  the  kernel,  which  be- 
comes toggled  in  its  esophagus,  and  cannot  eject  it. 

Another  simple  form  of  hook  used  in  catching  fishes,  reptiles,  and  birds 
is  a  spindle-shaped  toggle  with  a  string  attached  to  the  middle  ;  the  ani- 
mal swallows  the  gorge,  as  it  is  called,  and  is  thus  securely  caught. 

In  the  order  of  complexity — a  removal  from  the  mere  action  of  hand- 
hooks  for  capture — hook- traps  may  be  divided  into  the  following  classes i 
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The  seed  on  a  string.  Baited  hooks. 

The  gorge.  Compound  hooks. 

Hook  at  the  end  of  string ;  squid  Barbed  hooks, 

hook.  Automatic  hooks. 

(^)  Noose. — This  is  a  most  interesting  class  of  traps.  A  string  or  thong 
or  rope,  or  a  bit  of  whalebone  and  sinew,  may  have  one  end  looped 
around  itself  so  as  to  slip  with  perfect  ease  ;  the  other  end  will  be  fas- 
tened to  some  object.  This  noose  may  be  so  placed  that  the  animal  will 
run  its  head  or  its  foot  into  it  and  be  caught ;  or  it  may  be  attached  to  a 
bent  sapling  or  some  form  of  springe  which  is  held  down  by  a  device,  to 
be  liberated  by  the  animal  coming  to  seize  the  bait  or  lure.  In  order  to 
prevent  the  animal  from  gnawing  the  snare,  perforated  sticks  may  be 
suspended  just  over  the  knot,  thus  making  a  very  complicated  device. 
The  noose  may  be  used  in  the  air  for  birds  on  the  wing,  on  the  land  in 
many  ways,  and  sparingly  in  the  water. 

Boas  says  that  among  the  central  Eskimo,  water-fowl  of  all  descriptions 
are  caught  in  abundance  in  whalebone  nooses  fastened  to  a  long  whale- 
bone line  or  to  a  thong.  The  line  is  set  along  the  edge  of  a  lake,  particu- 
larly near  the  nesting-places.  At  shallow  points  these  lines  are  placed 
across  the  water  to  catch  the  dixdng  and  swimming  birds.  Hares,  ermines, 
and  lemmings  are  are  also  taken  in  whalebone  snares.  E.  W.  Nelson 
describes  a  noose  for  catching  Parry's  marmot,  which  involves  a  form  of 
release  mentioned  also  as  used  among  the  Iroquois.  The  victim  enters 
the  leadway  as  usual,  and  instead  of  pulling  at  the  bait  to  release  the 
spring,  it  gnaws  in  two  a  string  which  holds  the  snare  down  and  which 
has  something  on  it  appetizing  to  the  animal.  In  the  Iroquois  rabbit- 
trap  the  string  is  steeped  in  salt. 

The  simplest  nooses  at  Point  Barrow  are  made  of  baleen  and  set  around 
where  fine  gravel  has  been  placed  to  attract  the  birds.  Accounts  are  also 
^ven  of  nooses  of  whalebone  set  in  water  along  the  shores  where  ducks 
dive  for  their  favorite  plants,  and  which  catch  the  birds  by  the  neck. 
This  reminds  one  of  the  use  of  the  mesh  net  for  the  same  purpose  in  Cali- 
fornia. From  Nelson  and  other  observers  among  the  Eskimo,  and  from 
the  examination  of  collections  in  the  museums,  it  is  learned  that  the 
methods  and  places  of  setting  a  noose  are  limited  only  by  the  habits  of 
the  different  animals. 

In  the  Mackenzie  River  country,  and  wherever  the  Hudson  Bay  Com- 
pany's people  have  prosecuted  their  work,  the  snare  and  the  springe  are 
very  commonly  employed.  Even  reindeer  and  moose  are  strangled  by 
means  of  snares  set  in  their  way. 

Father  Morice  figures  a  great  variety  of  applications  of  the  noose.  In 
a  form  called  the  hedge-snare  an  open  gateway  in  the  hedge  is  flanked 
by  two  stout  posts,  each  of  which  has  a  notch  near  the  top  ;  the  noose  is 
placed  open  so  as  to  fill  the  space  between  the  posts ;  above  the  noose  is 
fastened  a  stick  just  fitting  across  the  gateway,  the  ends  resting  in  the 
notches  of  the  posts.    The  animal  runs  its  head  into  the  noose,  releases 
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the  toggle,  and  the  spring  flies  up.  The  insertion  of  the  long  stick  or 
pole  into  the  lines  above  the  noose  is  very  common  in  the  northern 
Athapascan  area. 

In  Wood's  "New  England  Prospect, "  we  have  the  quaintest  description 
of  a  New  England  trap  : 

The  Salvages  take  these  in  trappes  made  of  their  naturall  Hempe  which 
they  place  in  the  earthe  where  they  fell  a  tree  for  browse  and  when  hee 
roundes  the  tree  for  the  browse  if  hee  tread  on  the  trap  he  is  horsed  up  by 
the  legg  by  means  of  a  pole  that  starts  up  and  catcheth  him.  < 

The  Gentleman  of  Elvas*  gives  the  following  description  of  the  trap 
among  the  Autiamgue  tribes  : 

With  great  springes  which  lifted  up  their  feet  from  the  ground,  and  the 
snare  was  made  with  a  strong  string,  whereunto  was  fastened  a  knot  of  a  cane^ 
which  ran  close  about  the  neck  of  the  conie,  because  they  should  not  gnaw 
the  string. 

Teit,  in  his  account  of  the  Thompson  River  tribe,'  describes  deer  fences 
and  springs  used  in  catching  large  and  small  animals.  Mrs.  Allison  de- 
scribes snares  for  catching  deer  and  birds  in  the  same  region.  This  cus- 
tom prevailed  also  in  California  among  many  tribes  described  by  Frost 
and  Powers.  Zuni  boys  catch  blackbirds  with  snares  made  of  horsehair 
fastened  to  rope  ;  these  snares  are  laid  on  the  ground  and  seeds  placed 
between  ;  when  the  birds  alight  they  put  their  feet  into  the  snare  and  are 
drawn  up  and  captured.  The  older  Zuiiis  drive  sunflower  stalks  into  the 
ground  and  fasten  a  noose  on  the  top ;  when  a  hawk,  watching  for  field- 
mice,  alights  on  the  stalks,  its  feet  are  ensnared  ;  being  unable  to  rise,  the 
hawk  remains  stupidly  on  its  perch  and  allows  itself  to  be  captured. 

The  Tarahumari  of  Chihuahua  are  very  ingenious  in  trapping  rats^ 
gophers,  and  deer.}  The  ancient  inhabitants  of  Copan  caught  quetzal  birds 
in  snares,  and  having  plucked  their  beautiful  feathers,  set  them  at  liberty 
again.  In  southern  Brazil  birds  were  snared  by  the  feet,  by  the  neck^ 
and  by  the  body.  The  Fuegians  also  use  baleen  nooses,  which  are  set 
hidden  in  the  grass  for  the  purpose  of  catching  partridges  and  other  birds. 

(A)  Clutching  devices  are  best  exemplified  by  bird-lime,  of  which  last 
there  is  not  a  specimen  in  the  National  Museum.  The  ordinary  jaw  trap 
of  the  hunters  may  be  placed  in  this  class ;  the  common  steel  rat  trap  is  a 
good  example.  It  is  possible  that  spring  nets  may  have  been  used  in  cer- 
tain parts  of  America  before  the  discovery,  but  the  principle  involved  in 
the  metallic  clutching  traps  was  not  known. 

C.      KIIXING  TRAPS. 

The  principles  involved  in  killing  traps  are  those  mentioned  under 
"  hunting,"  as  crushing,  piercing,  and  cutting,  giving  a  blow,  a  stab,  or 
a  slash. 

1  Prince  Society ;  Boston,  1883,  p.  202. 

2  Hakluyt,  "Voyages."  Vol.  III.  114. 

3  Memoirs  of  the  American  Museum  of  Natural  History,  Anthropology,  Vol.  II,  pp. 
247-249,  figs.  228-229, 
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(i)  Weight-trap. — The  simplest  form  of  killing  tiap  is  the  fall,  or  dead- 
fall, in  which  a  heavy  weight  drops  suddenly  upon  the  animal,  destroy- 
ing its  life.  The  most  interesting  part  of  the  deadfall,  however,  is  not  the 
crushing  of  the  animal,  which  is  a  very  gross  and  brutal  operation,  but 
the  inventions  for  securing  an  unstable  support  of  the  weight  and  for  re- 
leasing this  support  by  means  of  the  trigger  or  bait  contrivance.  There 
are  few  separate  supplementary  or  accessory  appliances  to  the  deadfall, 
since  the  animal  is  slain  outright. 

The  fall-trap  was  found  in  several  of  the  areas  mentioned.  Essentially, 
in  its  least  complex  form,  it  consists  of  five  parts :  a  heavy  weight  to 
crush  the  animal,  a  fixed  support  (perhaps  a  stake  in  the  ground),  an  un- 
stable support  on  which  the  weight  rests,  a  catch  which  prevents  the 
weight  from  falling  until  the  bait  is  nibbled  or  the  string  pulled,  and, 
lastly,  the  trigger  itself.  The  whole  weight  then  comes  tumbling  upon 
the  animal.  The  central  Eskimo  form  of  deadfall  has  a  slab  of  ice  as  a 
crushing  weight,  and  the  same  sort  of  device  is  found  among  the  western 
Eskimo.  Fitz  William*  describes  minutely  a  simple  form  of  deadfall. 
The  Hudson  Bay  Company's  native  trappers  have  a  great  variety  of  this 
particular  type.  Strachan  Jones  says  the  Kutchin  caught  foxes,  wolves, 
and  wolverines  in  the  deadfall. 

Maximilian  figures  a  deadfall  used  for  bears  in  Pennsylvania  :  the  ani- 
mal walks  between  two  logs  ;  above  are  two  logs  fastened  firmly  together , 
these  are  held  up  by  a  crossbar  supported  between  two  sticks  ;  a  lever  at- 
tached to  the  logs  passes  over  the  crossbar  and  is  held  down  at  either  end 
in  a  ratchet,  where  there  is  a  bait.  The  bear  crouches  between  the  logs, 
pulls  the  trigger,  and  releases  the  lever,  which  flies  up  and  lets  the  ring 
that  supports  the  fall  slip  off :  then  comes  the  tragedy. 

Similar  traps  are  noted  in  British  Columbia  and  throughout  the  south- 
western countr>',  but  I  have  no  reference  to  a  fall-trap  in  middle  America 
or  in  South  America.  I  am  told  by  Dr.  Hough  that  the  Hopi  of  Arizona 
have  two  very  primitive  forms  of  deadfall :  one,  for  foxes,  consists  of  a 
heavy  stone  slab  worked  between  two  upright  slabs  for  wings  ;  one  end 
of  the  prop  rests  above  against  the  stone,  the  other  end  rests  on  a  cob- 
blestone beneath  ;  the  least  touch  of  the  prop  rocks  the  cobblestone  and 
lets  the  weight  down  upon  the  fox.  In  this  case  the  proverb  of  the  roll- 
ing stone  is  reversed.  In  another  form,  used  for  taking  birds,  the  box 
and  the  fall  or  stone  slab  are  similar.  The  release  consists  of  the  follow- 
ing parts :  first,  the  upright  and  the  notched  catch,  precisely  as  in  the 
figure-4  traps  ;  to  the  bottom  of  the  notched  catch  a  short  string  is  tied, 
having  at  the  other  end  a  small  wooden  toggle  which  is  held  by  a  little 
rod  resting  against  it  and  caught  at  its  other  extremity  in  the  grains  of 
the  sandstone  slab.  This  is,  indeed,  a  ticklish  support,  and  the  least 
touch  overcomes  the  friction  between  the  trigger  and  the  slab  ;  this  sets 
free  the  toggle,  which  unwinds  from  the  post,  the  hook-catch  flies  up, 
and  the  weight  falls. 

'  The  Northwest  Passage  by  Land. 
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(k)  Point-traps  of  the  highest  order  were  not  common  in  America  ; 
that  is,  the  use  of  arbalist  or  bow  for  the  purpose  of  driving  an  arrow  or 
bolt  into  the  victim  or  for  impaling,  or  the  use  of  sharpened  sticks  in  the 
pathway  of  land  animals ;  but  the  throwing  in  the  way  of  carnivorous 
animals  of  sharpened  whalebone  splinters  wrapped  in  fat  was  practiced. 

Bancroft  mentions  a  bear  trap,  used  by  the  Aleuts,  consisting  of  a 
board  two  feet  square  and  two  inches  thick,  furnished  with  barbed  spikes, 
which  was  placed  in  Bruin's  pwith  and  covered  with  dust.  The  unsus- 
pecting victim  stepped  upon  the  smooth  surface,  when  his  foot  sank  and 
was  pierced  by  one  of  the  barbed  hooks.  Maddened  with  pain,  he  put 
forth  another  foot  to  assist  in  pulling  the  first  away,  when  that,  too,  was 
caught.  When  all  four  of  the  feet  were  spiked  to  the  board,  the  beast  fell 
over  on  its  back  and  its  career  was  soon  ended  by  the  hunter. 

The  wolf-bait,  made  of  a  piece  of  whalebone  sharpened  at  both  ends 
and  doubled  up,  has  been  mentioned  by  Boas,  and  examples  of  the  same 
device  were  brought  to  the  National  Museum  by  Nelson  from  St  Michael, 
Alaska. 

Lumholtz  says  that  the  Tarahumari  catch  deer  by  putting  sharpened 
sticks  in  the  track  and  stampeding  the  animals  with  dogs. 

(/)  Edge-traps, — There  were  in  America  two  forms  of  knife  or  cutting 
traps  of  the  most  ingenious  character.  One  may  be  called  the  wolf-knife. 
A  sharpened  blade  was  inclosed  in  a  frozen  mass  of  fat,  and  stuck  up  in  a 
block  of  ice ;  the  wolf,  licking  the  fat,  cut  its  tongue  ;  the  taste  of  the 
blood  infuriated  the  animal,  so  that  by  licking  the  knife  more  it  caused 
a  larger  flow  of  blood.  All  the  other  members  of  the  pack  were  attracted 
to  the  same  spot,  devouring  one  another  for  the  sake  of  the  blood,  till  all 
were  destroyed. 

Another  form  of  edge-trap  is  found  in  Alaska,  where  the  blades  are  at- 
tached to  one  end  of  a  lever,  the  other  end  of  which  is  inclosed  in  a  tor- 
sion spring  of  rawhide.  The  animal  stops  to  pick  the  bait  polls  the 
trigger,  and  releases  the  unstable  hook-catch  ;  the  knives  fly  over  and  the 
victim  is  brained. 

DISTRIBUTION  OF  TRAPS  IN  AMERICA. 

To  trace  minutely  each  of  the  twelve  types  of  traps  throughout  the 
eighteen  culture  areas  of  the  Western  Hemisphere  would  transcend  the 
limits  of  this  paper.  Some  of  the  types  were  confined  to  narrow  limits, 
others  were  used  quite  universally. 

The  occurrence  or  non-occurrence  was  first  of  all  owing  to  the  presence 
or  the  absence  of  certain  animal  forms :  again,  it  depended  on  material 
for  making  traps.  Deadfalls,  for  example,  could  not  be  employed  where 
there  were  no  trees  or  stones,  but  pitfalls  might  replace  them. 

Much  must  be  attributed  to  the  ingenuity  of  one  tribe  or  another,  to 
their  contacts  and  suggestions,  and  to  the  demands  made  on  them.  A 
rigorous  climate  was  more  stimulating  than  one  that  was  eiierv«tiii^. 
The  demands  of  trade,  first  native  and  then  European,  provoked  the  in- 
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ventive  faculty  immensely  in  such  areas,  for  instance,  as  the  Hudson  Bay 
territory. 

So  the  study  of  the  distribution  of  traps  is  also  a  study  of  Amerindian 
intellect  and  of  the  primitive  mind  in  its  earliest  struggles  with  problems 
in  mechanics  and  engineering. 


On  C01.LECTING  AND  Recording  Anthrgpoi^ogicai,  Data.  By  Amos 
W.  BuTi^ER,  Indianapolis,  Ind. 
This  paper  presents  a  statement  of  the  development  of  the  method  of 
obtaining,  reporting,  and  recording  facts  regarding  the  individual,  and 
family  history  of  defectives,  delinquents,  and  dependents.  The  system 
is  that  worked  out  and  used  in  the  oflfice  of  the  Indiana  Board  of  State 
Charities.  The  paper  is  illustrated  by  samples  of  the  blanks  and  records 
used. 


The  Ancient  Aztec  Obsidian  Mines  of  the  State  of  Hidalgo, 

Mexico.     By  W.  W.  Holmes,  U.  S.  National  Museum,  Washington, 

D.  C. 

The  use  of  obsidian  for  the  manufacture  of  implements  was  very  common 

throughout  Mexico.     The  only  mine  of  importance  so  far  discovered  is 

that  of  Hidalgo  a  hundred  miles  northeast  of  the  City  of  Mexico.     The 

work  on  this  site  has  been   very  extensive,  and  the  pittings,  still  20  feet 

deep  in  cases,  cover  at  least  one  square  mile  of  the  mountain  slope.     The 

quarries  were  worked  mainly  for  the  securing  of  cores  or  nuclei  for  the 

making  of  flake  knives,  and  tens  of  thousands  of  the  rejected  or  abortive 

cores  are  found  among  the  quarry  debris.     That  the  mines  were  worked 

by  the  Aztecs  is  shown  by  the  fact  that  typical  aztec  pottery  is  distributed 

through  the  debris  of  the  work-shops. 


The  Obsidian  Razor  of  the  Aztecs.    By  George  Grant  MacCurdy, 
Instructor  in  Prehistoric  Anthropology,  Yale  University. 
The  differences  between  the  fracture  of  obsidian  and  that  of  flint,  an 
explanation  for  the  same,  their  bearing  upon  the  excellence  of  obsidian 
as  a  material  for  knife-  and  razor-making. 


The  Cairns  op  British  Columbia  and  Washington.     By  Harlan  I. 

Smith,  American  Museum  of  Natural  History,  New  York,  N.  Y. 

One  of  the  kinds  of  burial,  on  southeastern  Vancouver  Island  in  British 

Columbia,  on  the  San  Juan  group,  and  on  Whidbey  Island  in  Washington, 

was  in  stone  cairns.    This  method  of  burial  is  known  to  have  antedated 
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contact  with  the  whites  by  a  considerable  period.  The  stone  structures 
are  usually  located  on  slopes,  with  a  gravelly  soil,  which  are  strewn  with 
angular  bowlders,  and  near  the  sea.  So  far  as  we  know  they  are  always 
within  a  mile  of  shell-heaps. 

In  general  the  cairns  consist  of  irregular  piles  of  bowlders,  from  three 
to  twenty  feet  in  diameter.  One  is  found  over  ^ach  body,  which  in  some 
cases,  are  found  surrounded  by  a  more  or  less  rectangular  cyst  formed  by 
placing  the  straight  sides  of  several  bowlders  towards  it,  and  covering 
the  opening  thus  formed  with  one,  two  or  more  slab-shaped  rocks  of  like 
chanicter.  In  some  cases  there  are  the  slab-like  stones  over  the  grave 
but  the  vault  is  not  well-formed,  if  present  at  all,  and  in  other  cases  the 
cover  stones  are  so  small  that  they  do  not  form  a  protecting  roof  over  the 
body.  Over  the  cyst  the  rough  pile  of  the  cairn  was  reared.  It  is  fre- 
quently bounded  by  a  single  row  of  large  stones  while  the  filling  between 
this  wall  and  the  vault  is  of  small  fragments,  bowlders,  and  in  some  cases' 
largely  of  soil  or  mixtures  of  these  materials.  Several  cairns  have  been 
found  where  the  outer  row  had  been  carried  up  so  as  to  form  a  retaining 
wall  making  the  whole  structure  similar  to  a  truncated  pyramid.  Cairns 
were  alsi>  found  in  which  the  body  was  placed  at  the  side  of  a  large 
U'^wider  and  cvn*ereil  with  small  bowlders  piled  up  against  the  large  rock. 

The  skeleton «  which  was  placeil  on  the  side  in  the  usual  flexed  position, 
is  tounil  on  the  original  surface  of  the  soil,  sunken  into  it  or  in  a  shallow 
hole  dug  down  into  the  surface  soil  or  in  some  cases  even  into  the  gravel 
below.  It  is  often  much  deca^-eii*  especially  in  the  cairns  near  Victoria, 
where  complete  skulls  are  rarely  obtained.  In  forty-two  cairns  excavated 
there  no  entire  bones  were  secured.  At  North  Saanich,  and  near  Coape- 
\*ille.  howe>*er»  c\>mplete  skeletons  have  been  collected. 

.\  few  c^^pJy^r  omAuients  hax-e'  be^n  found  buried  with  the  skeletons  and 
a  stone  objev-t  was  s^x'urevl  fn>m  among  the  top  stones  of  one  cabn. 

The  OAim  buiUlinj:  culture.  s«.^  f^r  as  recorvled  in  this  area,  seems  to  be 
pnc t:c^ji".y  4  unit.  The  cairns  aw  perhaps  most  highly  developed  in  the 
vicinity  o:  Victv^ria  which  is  near  the  centre  of  their  present  known  dis- 
tnbv-tu^n.  The  slight  variativ^nsin  the  viiflenent  Ic^:alities  seem  likely  to 
Ne  ov.e  tv^  carelessness^  ix^verty  v^f  the  builders  or  lack  of  pceferaMe  mate- 
rials. ritSfr  than  to  a  ditfen^nt  culture.  The  oaim  bcildisg  cnltnie  is  ex- 
tinct. Nv^ne  v>:  the  prcTvnt  Indians  builvt  cairtrs  or  know  ot  any  people 
wbo  haN-e. 

Tbe  skeletons  anr  A'^jnetirtes  V^rrwv:.  but  the  evioeoce*  of  fire  ia  the 
caims  vlv^  nv>c  ^^^rnt  sunxx^ten:  to  oor:v>.;N.w  that  the  Sxiies  were  bvriKd  ia 
ul's  >>.N  tk  a  va:xty  oc  t^-r>^s  a=Ni  oefocsaaticos.  both 
orten:.  a-%*  a:v  r-v^c  c\^r.s?,xr<Ni  ::s  th»  ?*?*«■>  Tbescanotr 
oc  sr«evtr>f  ns  o:  any  ^:n>l  :n  t>c  3:T^\>fs  -.s  remaria>C<.  aac  i^  coesterpait 
rs  focn'i  m:th  t>.^  si.el>::ovs  in  the  >^tf V  hs^artk  esc^fC5*I>r  oc  ibe  Lo^rer 
FrjfcXT  mh^nr  ,^>''^'^:sv  saxTT  :or  a  r«^  r«N^^s  oc  cvcoee.  were  im1%i 
focnji  Jts!cv-:;a:^t  m-:>  the  <*.el^fton    i^voenc  >>  aocT«,>w:t 

TSe  VciT-JL  Tx>cn'.i>  of  th^  re5:'::oc  rre^^rt  jcrr.^'jLrrcss  ot  :SCr3CCse  ti»  the 
ca::rr:s  ar-i  oc^  n^av  V  .XT.x-ivl  tnx^nr  :bf  och<f'      v>r  *>e  oOkc-  bene  jOiK 
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cairns  seem  to  have  degenerated  until  they  are  no  more  than  a  stone-heap 
over  a  grave.  » 

The  cairns  are  always  near  the  coast  shell-heaps,  in  which  few  skeletons 
are  found  and  those  are  often  in  disorder.  Possibly  the  cairns  are  the 
burials  of  some  of  the  people  who  made  the  shell-heaps. 


Archeoi^ogicai,  Investigations  on  the  North  Pacific  Coast  in 
1899.^     By  Hari^an  I.  Smith. 


"  Giving  Thanks"  a  Pawnee  Ceremony.  By  Auce  C.  Fletcher, 
Peabody  Museimi,  Cambridge,  Mass. 

This  ceremony  was  witnessed  by  me  on  May  20,  1900,  in  the  lodge  of 
Ti-hi-roos-sa-ni-chi,  a  Pawnee  priest,  while  .in  the  Pawnee  lands  in 
Oklahoma  Territory. 

The  rite  is  described,  and  three  points  indicated  upon  which  it  throws 
light. 

1.  The  native  belief  as  to  the  causes  which  secure  eflficacy  to  the  med- 

cine  administered. 

2.  The  intermediary  positions  of  the  doctor. 

3.  The  meaning  and  purpose  of  the  fees  given  him  for  his  services. 


The  Shell  Society  among  the  Omaha.  By  Francis  LaFlesche, 
Washington,  D.  C. 
The  proceedings  of  the  Shell  Society  as  witnessed  by  me  when  a  boy, 
followed  by  a  partial  account  of  its  secret  ritual  and  teachings  given  me 
by  a  member  of  the  society  last  year  when  visiting  the  Omaha  Reserva- 
tion. 


The  Responsivity  of  Mind.       By  W  J  McGee,  Washington,  D.  C. 
A  discussion  of  cultural  coincidences  as  bearing  on  the  doctrine  of 
mental  unity  among  mankind. 


Thk  Law  of  Conjugal  Conation.    By  W  J  McGee,  Bureau  of  American 
Ethnology,  Washington,  D.  C. 
A  few  suggestions  as  to  the  role  played  by  personal  affection  in  human 
development. 

'  Presented  before  the  Section  of  Anthropology  of  the  American  Association  for 
the  Advancement  of  Science,  New  York,  1900,  and  published  by  authority  of  the  trus- 
tees of  the  American  Museum  of  Natural  History  in  the  "American  Anthropologist" 
(N.S.),  Vol.  2,  July-September,  1900. 
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A  Civnjzia>  HsMEifiTv  Stroxoer  thax  a  Savage    ExviRosnoE^rr 

EXEMFUFIED  IX  THE  LiFE  OF  FraXCES  SlOCTM,  FOR  SeTTY-EICHT 

Years  ax  Ixdiax  CAPTr\'E.  By  Dr.  Charles  E.  Sijoccit  Defi- 
ance, Ohio. 

Oymparatively  few  oprporttmities  have  been  afforded  for  the  praccical 
ftudy  and  illostration  of  the  effects  oi  an  extreme  opposite  racial  cnriroo- 
ment  upon  heredity  in  penersion  from  civilizatioci.  The  most  nocable 
case  of  this  character  is  presented  for  oar  consideratioti  in  the  person  o£ 
Frances  Slocum  who  was  abducted  by  American  aborigines  when  she  was 
five  years  and  eight  months  of  age.  before  any  of  the  teachings  and  habits 
of  civil rzed  life  became  definitely  fixed  with  her.  She  remained  lost  to 
her  kindred  about  fifty-nine  years.  Daring  this  time  she  lost  her  mother 
tongue  and  e^-en  the  remembrance  of  her  childhood  name,  and  acqoired 
the  milder  haMts  of  her  savage  environment,  becoming  in  fact  as  folly  an 
Indian  as  her  heredity  would  permit :  and  so  she  remained  to  the  time  of 
her  death  which  occurred  about  sirty-eight  years  after  her  abduction. 
The  storv'  of  her  life  has  been  told  with  more  or  less  fullness*  and  with 
more  or  less  of  inaccuracy,  in  many  publications,  in  books  and  news- 
papcrrs,  but  always  in  a  popular  vein.  It  is  only  the  pathetic  and  the 
''strange  as  fiction*'  phase  of  the  story  that  has  been  dwelt  upon,  a  phase 
which  is  also  without  a  parallel  in  the  annals  of  mankind.  ;  See  the  Biog- 
raphy of  Frances  Slocum,  etc.,  by  John  F.  Meginness,  Williamsport,  Pa., 
1891.  for  the  fullest  account  of  this  capacity. ) 

Frances  Slocum  was  bom  March.  1773.  in  Warwick,  Rhode  Island, 
of  Quaker  parentage.  She  was  of  English  descent,  and  in  the  seventh 
American  generation.  The  next  year  after  her  birth  her  parents  removed 
their  family  of  seven  children  to  eastern  Pennsylvania,  and  soon  there- 
after settled  at  the  site  of  the  present  city  of  Wilkes- Barre.  November  2, 
1778,  soon  following  the  horrible  Wyoming  Massacre,  she  was  carried  into 
captivity  by  Delaware  Indians  and,  notwithstanding  great  and  persistent 
efforts  of  the  surviving  members  of  her  family,  she  remained  lost  to  them, 
in  a  savage  environment,  and  in  the  midst  of  much  of  savage  warfare 
during  the  most  trying  times  of  the  American  savages,  until  permanent 
peace  with  the  Indians  of  the  Northwest  Territory-  had  been  secured,  and 
until  a  published  report  of  a  remarkable  white  woman  among  the  Miamis 
inclined  two  brothers  and  a  sister  to  visit  the  reservation  in  central  Indiana 
where  she  was,  by  means  of  certain  scars  and  marks,  fully  identified  by 
them  September  22,  1837.  She  was  found  as  the  widow  of  a  Miami  Chief- 
tain, and  was  revered  as  a  queen.  As  a  possessor  of  material  wealth  she 
was  2L\sf)  superior  to  any  other  member  of  the  tribe.  She  had  exerted  a 
strong  influence  for  the  mollification  of  the  asperities  of  the  Miami  people, 
as  we  know  them  to  have  been  mollified  during  this  period.  She  was 
again  visited  there  in  1839  by  her  brother  Joseph  and  two  of  his  daughters, 
and  it  is  to  the  excellent  journal  kept  by  the  older  daughter  that  we  are 
indebted  for  much  that  is  authentic  in  the  stor>-  of  the  captive.  The  early 
white  settlers  about  this  reservation,  some  of  whom  are  still  living  ( 1900), 
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have  also  given  us,  from  continued  personal  acquaintance,  accounts  of  her 
strong  and  worthy  characteristics  as  well  as  of  the  high  esteem  in  which 
she  was  held  by  all  her  w^orthy  neighbors  of  both  races. 

We  get  account  of  four  children  being  born  to  her.  Two  sons  died  in 
their  infancy,  and  two  daughters  attained  to  womanhood.  The  older,  of 
mild  disposition,  died  in  1 847  aged  forty-seven  years,  the  wife  of  Capt.  and 
Rev.  Jean  Baptiste  Brouillette  a  French  half-breed,  leaving  no  children. 
The  younger  daughter,  an  energetic  woman,  died  in  1877,  aged  sixty-two 
years  leaving  an  Indian  husband.  Rev.  Peter  Bondy,  and  nine  children 
most  of  whom  are  mild-mannered  citizens  of  Wabash  County,  Indiana.  One 
of  the  youngest  great-granddaughters,  from  Indian  marriages,  Mabel  Ray 
Bondy,  possesses  the  dark  auburn  hair  of  the  captive,  this  being  the  first 
atavistic  appearance  of  this  feature. 

Our  studies  of  the  character  of  this  captive,  and  of  her  offspring,  are 
still  being  continued.  Thus  far  we  are  led  to  the  inference  that  her  life 
in  its  savage  environment  was  probably  governed  more  by  hereditary  in- 
fluences than  it  would  have  been  with  her  native  environment.  So  far 
as  we  have  been  able  to  determine,  the  psychic  life  of  this  captive  pervert 
from  civilization  was  very  like  unto  that  of  her  ancestors.  She  was  plain 
and  practical  in  outward  display,  while  surrounded  by  those  inclined  to 
gaudiness  ;  she  was  free  from  enervating  habits,  though  in  the  midst  of 
indulgences ;  industrious,  where  much  idleness  abounded ;  cleanly, 
while  surrounded  by  those  often  .showing  much  of  squalor ;  accumula- 
tive, among  a  generally  wasteful  race ;  considerative,  and  sound  of  judg- 
ment, in  the  midst  of  native  impulsive  characteristic ;  and  patient  in 
doing  her  duty  according  to  the  best  of  her  knowledge. 

She  died  March  9,  1847,  near  Reserve  Post  Oflfice,  Indiana,  aged  seventy- 
four  years,  and  was  buried  with  Christian  rites  on  the  ridge  of  land  on  the 
south  bank  of  the  Mississinewa  River  where  she  passed  the  last  thirty 
years  of  her  life,  greatly  attached  to  her  home.  A  bronze  monument  with 
befitting  inscription  was  unveiled  at  her  grave  May  17,  1900,  with  impo- 
sing ceremonies  before  an  assemblage  of  several  thousand  people.  This 
monument  was  erected  to  perpetuate  the  story  of  the  happy  triumphs  of 
her  strong  heredity  throughout  a  long  life  and  under  the  most  unfavorable 
conditions  ;  and  to  emphasize  the  great  value  to  everyone  of  a  pure  and 
vigorous  psychic  and  physical  heritage. 


The  Sedna  Cycle  :  a  Study  in  Myth  Evolution.  By  H.  Newell 
Wardle,  Philadelphia,  Pa. 

The  aim  of  this  study  is  to  show  the  real  character  of  the  ideas  that  the 
Inuit  fancy  has  woven  into  the  song  and  story  of  the  Sedna  group,  to 
trace  their  changes  from  tribe  to  tribe,  and  to  learn  the  reasons  for  their 
variation. 

Religiosity  is  markedly  influenced  by  externals.     If  the  struggle  for 
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PKiniriicA  nl)H()rbii  more  tlian  a  due  proportion  of  time  and  enei;gy,  it  does 
HO  ttt  tlir  rxtK*itMi*  of  tlie  cult.  The  Sedna  myth  apparently  absent  in 
AhIm,  AImmUu,  mu\  the  Mackenzie  region,  altered  in  the  Ungava  district, 
Uiowliig  more  und  more  fragmentary  as  it  passes  from  Smith  sound 
lhi«)UKh  weHtcni  and  Mouthem  Greenland  to  Angmagsalik,  is  vital  only  in 
th«*  iViitml  rcgioiiH.  If  mythology,  like  language  is  a  formative  element 
of  a  people,  tlie  HNkimo  culture-home  must  be  looked  for  on  the  coast  of 
lluiUon  buy,  wu  nrei\  numt  approximate  to  that  locality  where  primitive 
«nd  highly  drveh>jvetl  tyjwji  are  found  associated,  the  specialization  hav- 
ing l«»krn  pUiY  ttt  tt  time  subsequent  to  the  parting  of  the  two  great 
bittiu'beA,  the  northwnnl  und  the  westward.  Its  unimportance  or  non- 
«>\Utenoe  in  AluHku  negatives  Iho  theory  of  a  western  ethnic  area  of  char- 

Ybe  Uu)iuistic  study  of  the  Inuil  names  shows  it  to  be  not  only  a  crea- 
tion but  l^  i¥(^*k\\\A\  uivth.  A  notable  feature  is  its  biennial  cycle,  in 
itxell  l^  m*rk  of  the  *^»e  of  the  cull  and  the  youth  of  the  version.  As  full 
\\\)n^tH\)Atiou  (M^  this,  Or.lUvis  has  pre$er\*ed  an  ancient  song,  exhibiting 
the  ttue  **uuu4l  o>\^le  i\f  the  seAs^^nal  myth,  devoid  of  later  accretions. 
At  Siuith  ?»\\u\>%l,  AMUxu^  the  «u\st  northerly  tribe  on  the  globe,  the  winter 
h<^  AtuvNst  \\-iiV)U)s))esl  the  s^ununers  And  the  father  in  his  character  of 
t\^«>V)iA\:!sxut\):  vthe  ^<ix>At  :<i)\irit^  hA^ii  A58Mime\i  a  prominence  unknown  in 
the  vVwt^Al  fv^i^MJs.  S^N  itti}y^n:*nt  dixl  he  become  in  the  extreme  nortli, 
th^t,  AtXei  the  xu\AsiKM\  \\f  the  wilder  district  v^  western  and  aomhein 
\;^v<5ruUnd  he  \*  >tiV,  the  ^x^iNreuK^  ^^xi  lek^Uisj:  his  dan^ter  to  a  suxrar 

i\^  ^t^n*vA^v»*%v  *:»^)e  Vn  >i*^  >**.:>,  :b<^  S<v?:wi  lalesv  *>ccc3S  Aejeft  elder 
j^^l  >i5>*¥Vji^N  AU>es^  ^vAt^i  ^y  :>w  >ii\NKWtri  >ii^o>  T&arried  a  ^>p»  l^ecnse  <rf 
\X>>  ^>.^  ,ivs??';>^ts>*>  ^;  «ft5»<  V  vxv!>&,w«vi  4fc!i  \erv  oii.  i:  i«c  la  xart,  ^k 
^^<c«A  A>sN!e*t  N*c  *^"  tV  ^«s;»>sc?r*  *-,vl<Aj«^  A  3>*-ce«iwe^:v  jiiaginc  *tf  i^bos 
Wi>  ;>.  ^  >fc>>*t  *f>A>  V  oA^.-v^l  :"^s  ^^rtrvirC  ^♦j>.T(t\.  !•  ist  cOear^r  a  a«vix«^ 
j^i>,::  Ax  visN\  ,^v;f-.;  >u^><  ;,-  4i  C'A.*;vjre  Vfirtw^  ^mc"!  *"C  iht  jcwc  ci?:^  SiiK 
*,X*<>r;  :?,^  tV  "t?»f  ."C  ;V  ve-^-c,-  ^isvvrji  «:'*c>;  ^fhf  TmstSiW^  «c  ^he  Isxni 
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our  damask  in  which  the  form  of  the  design  is  the  same  on  both  sides,  the 
colors  only  being  different.  An  analogous  system  of  ornamentation  is 
seen  on  baskets  from  the  Pacific  coast ;  but  as  these  are  wrought  by  hand 
they  are  not  quite  comparable  to  the  Navaho  work  which  is  produced 
with  machinery.  The  only  fabric  of  European  origin  approaching  in 
character  the  Navaho,  is  our  modern  golf -cloth  ;  but  this  appeared  after 
the  Navaho  two-faced  blanket. 


A  Navaho  Initiation.  By  W.  Matthews,  M.D.,  LL.D.,  Washing- 
ton, D.  C. 
This  is  a  description  of  the  initiation  of  Navaho  children  into  the  secret 
of  the  Yebitsai  or  Yaybichy.  The  Navahoes  rarely  punish  their  children 
but  they  frighten  them  with  the  masked  characters  of  the  rite  of  the 
Night  Chant,  the  principal  one  of  which  is  the  Yaybichy  or  maternal 
grandfather  of  the  gods.  When  children  are  naughty  they  tell  them  that 
this  person  will  punish  them.  He  is  their  bugaboo.  When  the  children 
grow  to  a  certain  age,  an  act  is  performed  over  them  during  the  great 
ceremony  of  the  Night  Chant ;  they  are  subjected  to  a  symbolic  punish- 
ment, after  which  the  supposed  gods  unmask  and  show  themselves  to  be 
ordinary  mortals  masquerading.  The  children  then  are  made  to  look 
through  the  eyeholes  and  understand  the  nature  of  the  mask.  Certain 
privileges  are  secured  by  this  initiation. 


The  Bird-stone  Ceremoniai..  By  Warren  K.  Moorehead,  Sarenac 
Lake,  N.  Y. 
These  peculiar  objects  of  unknown  use  (which  have  been  called  Bird- 
stones)  are  found  in  the  eastern  part  of  the  United  States.  They  can  be 
divided,  on  form,  into  two  classes:  the  bird  form  proper  and  the  saddle 
form.  As  absolutely  nothing  is  known  regarding  them,  it  is  the  purpose 
of  this  paper  to  cite  the  authorities  who  have  briefly  mentioned  this  type 
and  to  present  illustrations  of  slight  departures  from  the  two  established 
types  noted  above.  The  author  of  the  paper  gives  his  own  observations 
and  conclusions  regarding  the  use  of  these  strange  stone  eflfigies  and  sug- 
gests the  need  of  an  archeologic  nomenclature  whereby  the  various 
forms  of  ''unknown  "  objects  of  prehistoric  origin  may  be  more  clearly 
described  and  classified. 


Braziel  Robinson  :  Possessed  of  two  Spirits.  By  Roland  Steiner 
Grovetown,  Ga. 


320  SECTION   H. 

Ancient  Tombs  at  Mitla,  Mexico.    By  M.  H.  Savillb,  New  York, 

N.  Y. 


Exhibition  of  a  New  T\t>e  of  Pottery  from  Texas.    By  F.  W. 
Putnam,  Cambridge,  Mass. 


The  Meaning  of  the  Ancient  Mexican  Calendar  Stone.  By 
Zelia  Nuttall. 

In  this  paper  reference  is  first  made  to  the  cosmical  scheme,  the  social 
organization  and  the  topography  of  the  capital  of  the  Zunis,  as  set  forth 
by  the  late  Frank  Cashing.  It  is  then  shown  that  the  identical  scheme 
existed  in  ancient  Mexico,  Yucatan,  Central  .\merica,  and  Peru,  and  that, 
therefore,  a  single  primitive  cosmical  scheme  and  plan  of  government 
prevailed  throughout  ancient  .\merica. 

The  author  has  ascertained  that  the  American  scheme  is  identical  with 
that  carried  out,  in  remotest  antiquity,  in  Egypt,  Assyria,  Babylonia, 
Persia,  India,  China  ;  also  in  Greece  and  Italy. 

The  archaic  modes  of  figuring  the  cosmical  scheme  in  Assyria  and 
Eg^'pt  are  illustrated,  followed  bj-  representations  of  various  rudimentary 
images  of  the  same  found  in  ancient  Mexican  codices  and  sculpture.  The 
great  calendar  stone  is  there  shown  to  be  the  most  elaborate  representa- 
tion known  of  the  cosmical  plan,  which  formed  the  common  basis  of  the 
ancient  civilization  of  the  old  and  new  worlds. 

This  paper  was  followed  by  the  exhibition,  b\-  Mrs.  Z.  XuttaU,  of  the 
reconstruction  of  the  type  of  the  Swiss  lake-dweller,  by  Prof.  Kollman, 
of  Basle. 


The  Peruvian  Star-chart  of  Salcamayhua.     By  Stansbury  Ha- 
GAR,  Secretary  Brooklyn  Institute  Department  of  Archeology,  New 
York  City. 
About  thirty  years  ago  the  patient  researches  of  Don  Pascual  de  Gayan- 
gos  brought  to  light  in  the  National  Library  of  Madrid  a  groiip  of  manu- 
scripts relating  to  early  Peru\nan  culture.     Among  them  was  an  account 
of  the  antiquities  of  Peru  written  about  the  year  1610  by  an  Aymara  or 
Colla  of  pure  blood  and  noble  lineage  named  Don  Juan  de  Santa  Cruz 
Pachacuti  yamqui  Salcamayhua.     This  manuscript  was  first  edited  and 
translated  by  Sir  Clements  R.  Markham  and  published  by  the  Hakluyt 
Society   in    1S73.     Six   years  later  a  Spanish  version  ¥ias  published  at 
Madrid  by  Sr.  Marcos  Jimenez  de  la  Espada  in  a  volume  entitled  *'  Ties 
relaciones  de  antiguedades  peruanas."  The  manuscript  contains  a  stellar- 
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chart  which  is  a  veritable  key  to  the  symbolical  astronomy  of  the  Inca 
empire,  an  extensive  subject  about  which  little  has  been  known.  The 
writer's  attention  was  called  to  this  chart  by  the  late  Major  W.  S.  Beebe, 
of  Thompson,  Conn.,  who  had  been  for  many  years  a  devoted  student  of 
ancient  Peru.  Eight  years  ago  Major  Beebe  privately  circulated  a  sum- 
mary of  his  results  which  included  a  translation  and  brief  explanation  of 
the  chart  referred  to.  He,  however,  left  his  translations  unsupported  by 
corroborative  testimony,  nor  was  such  material  available  if  ever  collected 
by  him.  The  writer,  therefore,  determined  to  investigate  the  subject 
independently,  and  did  so  with  the  appended  result.  This  in  the  main 
confirms  Major  Beebe's  conclusions  with  reference  to  the  chart,  although 
differing  from  them  somewhat  in  details.  Supporting  testimony  is  ob- 
tained from  materials  published  by  the  early  writers  on  Peru  as  well  as 
from  the  Peruvian  ritual,  the  basis  of  which,  as  the  writer  hopes  to  de- 
monstrate later,  was  astronomical  symbolism.  The  two  oblique  lines  at 
the  top  of  the  chart  represent  the  sky,  with  the  south  pole  at  their  apex. 
Immediately  below  thi§  point  appear  the  five  stars  of  the  Southern  Cross 
with  three  vertical  stars  marking  the  position  of  the  pole.  Below  them 
we  find  the  figure  of  a  large  egg^  symbol  of  the  Universal  Spirit  called, 
Illa-ticci-huayra-cocha,  Spirit  of  fire,  earth,  air,  and  water,  whence  all 
things  issue,  as  from  the  egg.  On  the  left  of  this  egg  appears  the  sun  as 
a  man  with  the  morning  star  below  him,  on  the  right  is  the  moon,  as  a 
woman,  above  the  evening  star.  Below  the  center  of  the  chart  are  the 
twelve  signs  of  a  true  solar  zodiac  divided  equally  in  three  vertical  col- 
umns. Both  the  familiar  and  unfamiliar  elements  of  this  zodiac  present 
an  interesting  study.  Evidence  is  produced  of  its  pre-Columbian  origin. 
This  is  the  first  of  a  series  of  articles  which  the  writer  hopes  to  publish 
upon  the  symbolical  astronomy  of  the  ancient  Peruvians,  and  which  will 
take  up  an  independent  but  similar  form  of  the  Peruvian  zodiac,  the 
ritual  zodiac,  and  the  symbolism  of  the  various  signs. 
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Trusts  and  Monopoues.     By  George  GuNXpN,  New  York,  N.  Y. 

The  first  requisite  to  the  scientific  consideration  of  "trusts '*  is  to  clear 
the  ground  of  some  of  the  confusing  underbrush.  The  term  trust  is  used 
assynonomous  with  monopoly,  corporation,  corner,  conspiracy,  etc.  This 
application  is  so  general  that  it  has  no  meaning  and  designates  nothing  in 
particular. 

A  trust  is  a  definite  thing,  as  are  corporations  ;  so  likewise  is  a  monop- 
oly. A  trust  may  be  smaller  than  some  corporations  and  have  no  mo- 
nopoly whatever.  Monopoly  is  simply  exclusive  control.  A  concern 
may  be  a  monopoly  without  being  either  a  trust  or  a  corporation.  What- 
ever the  form  of  its  organization,  if  it  has  entire  control  of  its  field  it  is  a 
monopoly,  and  not  otherwise. 

A  trust  is  different  from  a  stock  corporation  or  a  partnership.  It  is  a 
combination  of  different  firms  or  corporations  under  one  management 
without  dissolving  the  individuality  of  the  firms.  It  is  a  transference  of 
the  management  of  several  properties  to  a  central  body,  to  be  managed 
in  trust  for  the  whole.  This  form  of  organization  has  only  been  adopted 
in  a  few  cases,  the  standard  oil,  sugar,  whiskey,  and  a  few  others.  Either 
through  the  public  criticism  or  special  legislation,  these  few  trusts  have 
all  dissolved  and  reorganized  as  simple  stock  corporations. 

There  were  a  very  few  large  concerns  of  the  partnership  type,  like  the 
Carnegie  firm,  but  these  too  have  been  transformed  into  corporations, 
so  that  the  whole  question  is  now  a  problem  of  corporations — large  or 
small  corporations,  good  or  bad,  monopolistic  or  competitive,  but  simply 
corporations  and  nothing  more.  Corporations  are  simply  economic  in- 
struments for  doing  certain  kinds  of  work.  The  interest  of  the  public  in 
that  instrument  is  only  that  it  should  do  its  work  cheaper  and  better  than 
any  other.  Like  the  machinery  in  a  factory,  any  form  of  organization  is 
worth  preserving  just  so  long  as  it  is  the  best  thing  of  its  kind,  but  as 
soon  as  a  better  is  discovered,  one  that  will  secure  superior  management, 
less  waste,  more  systematic  foresight,  avoidance  of  fluctuation,  or  any 
other  economic  advantage  which  enables  it  to  render  cheaper  and  better 
ser\nce,  the  public  has  no  interest  in  longer  maintaining  the  old,  but  every 
interest  in  encouraging  the  new  type  of  organization. 

If  we  follow  the  history  of  the  development  of  modem  corporations  we 
shall  find  that  they  have  come  into  existence  and  grown  to  their  present 
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proportions  in  accordance  with  this  principle  of  economic  utility.  Hand 
labor  and  small  concerns  were  once  the  most  economic  methods  of  pro- 
ducing the  world's  commodities  ;  indeed,  this  is  true  yet  in  some  parts 
of  the  world  :  witness  India,  China,  and  a  considerable  part  of  Europe 
and  South  America.  The  economic  eflficiency  of  the  style  of  tools  and 
methods  of  organization  largely  depends  on  the  state  of  civilization  or 
demand  for  the  products.  If  the  demand  be  very  small,  the  most  eco- 
nomic method  will  be  hand  labor.  Scientific  methods  which  involve  the 
use  of  machinery  and  large  investment  of  capital  produce  more  cheaply 
than  hand  labor  only  when  the  demand  for  the  products  is  large. 

It  is  obvious  that  when  only  a  few  hundred  or  thousand  bushels  of 
grain  were  to  be  transported  a  few  miles  it  was  cheaper  to  take  it  by  ox- 
cart than  it  would  have  been  to  build  a  railroad,  but  when  hundreds  of 
millions  of  bushels  are  to  be  transported  thousands  of  miles  every  year  it 
becomes  infinitely  cheaper  to  construct  expensi\-e  railroads  and  pay  higher 
wages  and  salaries  to  do  the  work  ;  so  that,  in  reality,  the  economic  utility 
of  large  investments  and  complicated  methods  largely  depends  on  the 
increasing  aggregate  of  consumption. 

In  accordance  with  this  economic  law,  and  it  is  as  universal  as  human 
effort,  the  modem  methods  of  production  both  in  machinery  and  organi- 
zation have  been  gradually  evolved  by  experimentation  in  the  effort  to 
find  more  efficient  methods  of  doing  the  world's  work.  This  evolution 
was  very  slow  at  first  because  the  increased  consimiption  of  goods  was 
ver\'  slow.  Indeed,  for  ages  there  was  little  or  no  variation  in  the  style 
and  variety  of  goods  consumed,  and  consequently  practically  no 
change  in  the  methods  of  production.  The  tastes,  habits  and  modes  of 
life  and  style  of  utilities  have  not  changed  in  Asia  for  thousands  of  years, 
consequently  the  people  do  what  they  do  in  practically  the  same  way  they 
did  thousands  of  years  ago.  In  the  western  world  ideas  have  diversified  and 
increased  and  the  variety  of  consumable  goods  has  grown  apace,  and 
with  each  expansion  of  consumption  (the  market),  the  development  of 
new  productive  devices  became  feasible.  It  first  took  the  form  of  indi- 
\*idual  capitalists  who  economized  the  cost  by  aggregating  labor  and 
assuming  the  responsibility  of  buying  raw  material  and  selling  finished 
products  and  paying  the  wages.  Then  came  a  series  of  mechanical  in- 
ventions which,  with  the  application  of  steam,  gave  us  the  factory  system. 

In  order  to  use  the  best  machinerA*  to  greatest  advantage,  individual 
capitalists  combined  in  partnerships.  And,  for  the  same  reason,  partner- 
ships were  superseded  by  small  corporations  and  small  corporations  by 
large  ones,  until  we  now  have  large  corporations  dissolving  and  being 
consolidated  into  still  larger  corporations. 

In  this  process  of  evolution  the  movement  has  been  ver>'  jerky ;  at 
times  the  change  has  been  chiefly  in  the  character  of  machinery  as  the 
result  of  new  inventions,  like  the  discovery  of  the  Bessemer  process  in 
the  manufacture  of  steel.  .\t  other  times  the  change  has  been  chiefly  in 
the  type  of  organization  for  securing  economies  and  stopping  wastes  in 
numerous  wavs,  such  pc  doing  wi*>'^"*^  T«Mdl«**"*\"   redtiHw^r  the  number 
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of  managers,  lessening  the  cost  of  transportation  by  fewer  reshipments, 
etc.  Economizing  expense  through  superior  organization  of  capital  has 
the  same  economic  effect  as  does  the  saving  by  the  use  of  a  new  ma- 
chine, they  both  add  to  the  profits  by  lessening  the  cost  of  a  given 
product. 

Every  such  cycle  of  innovation,  whether  by  the  introduction  of  new 
inventions  or  of  larger  capital,  brings  with  it  a  contribution  to  the  public 
in  the  form  of  improved  quality  at  lower  prices.  As  a  rule  the  capitalist 
tries  to  keep  all  the  gain,  but  the  very  economic  principle  which  gave 
him  the  gain  prevents  him  from  keeping  it  very  long.  He  first  obtains  the 
gain  because  he  has  a  superior  or  more  economic  method,  but,  as  soon  as 
that  becomes  known,  which  the  underselling  of  his  neighbors  reveals  at 
once,  others  adopt  the  same  method  and  compete  with  him  for  a  part  of 
the  profits.  This  compels  him  to  lower  the  price  and  thus  give  a  part  of 
it  to  the  community.  In  this  way  every  product  and  form  of  service  into 
which  invention,  large  capital  and  extensive  organization  have  entered 
has  steadily  lowered  in  price  as  the  new  methods  appeared  and  the  in- 
vested capital  increased. 

So  universal  is  this  principle  that  if  we  follow  the  statistics  of  prices 
we  find  that  wherever  machinery,  capital  and  large  organization  are  ap- 
plied to  industry  the  price  of  the  product  declines,  and  in  those  indus- 
tries where  little  machinery  has  been  employed  and  there  has  been  prac- 
tically no  concentration  of  capital  by  corporate  organization,  prices  have 
not  fallen  but  in  many  cases  have  risen. 

The  great  era  of  machine  methods  in  the  United  States  is  since  i860. 
According  to  the  Senate  report  of  1890,  out  of  200  articles  there  were 
fifty-eight,  the  prices  of  which  had  increased  since  i860.  A  very  large 
number  had  risen  from  30  to  70  per  cent;  some  had  risen  as  much  as  100, 
some  200  and  some  as  much  as  300  per  cent.  With  one  or  two  excep- 
tions these  were  all  agricultural  or  raw  material  products,  in  which  the 
concentration  of  capital  and  the  use  of  machinery  had  been  relatively  slight. 
On  the  other  hand,  the  tables  give  140  groups  of  manufactured  products, 
in  the  making  of  which  capital  is  considerably  concentrated  and  machinery 
extensively  used,  and  in  all  these  prices  had  fallen  from  10  to  80  per  cent. 
Moreover,  in  those  industries  where  machinery  and  large  capital  are 
most  employed,  not  only  have  prices  fallen,  but,  through  the  increased 
demand  for  the  product  at  the  lower  prices,  the  number  of  laborers  em- 
ployed has  greatly  increased  and  wages  have  risen;  which  may  be  verified 
in  detail  by  reference  to  the  census  of  1890. 

Thus  the  general  tendency  of  the  economic  movement  is  to  utilize 
scientific  devices  and  superior  organization,  and,  in  one  way  or  another 
and  frequently  in  several  ways,  ultimately  to  divide  the  benefits  of  both 
the  invention  and  the  organization  with  the  public.  Although  this  is  de- 
monstrable, there  is  a  tremendous  misgiving  regarding  these  corpora- 
tions. If  some  of  the  very  large  ones  could  be  definitely  selected  as 
"  trusts,"  it  is  more  than  probable  that  public  opinion  would  demand  their 
sacrifice  as  an  atonement.     If  we  probe  the  matter  a  little  farther  we  shall 


328  SECTION   I. 

find  that  what  the  moral  sense  of  the  people  is  really  opposed  to  is  not 
corporate  enterprise  but  monopoly. 

As  already  remarked,  monopoly  may  be  a  featm-e  of  any  or  all  forms 
of  organization,  but  it  is  not  a  necessary  feature  of  any.  Monopoly  is 
neither  better  nor  worse  because  it  is  in  the  hands  of  a  single  individual, 
a  trust,  a  corporation,  or  a  colossal  copartnership.  The  evils  of  monopoly, 
therefore,  cannot  be  destroyed  by  restricting  or  even  suppressing  any  one 
form  of  economic  organization.  The  remedy  must  be  sought  rather  in 
the  conditions  of  competition  for  all  forms  of  industrial  effort.  While  the 
corporation,  or  large  capital  in  some  form,  is  essential  to  the  use  of  the 
best  economic  methods,  competition  is  equally  necessary  to  distribute  the 
benefits  thus  created  to  the  community. 

This  is  a  matter  of  primary  importance  to  society  and  to  civilization 
itself.  If  monopoly  could  be  established  in  the  various  departments  of 
industry  and  so  operated  as  to  enable  the  owners  of  the  monopoly  per- 
manently to  retain  the  benefits  of  economic  improvements,  it  would  prac- 
tically arrest  the  progress  of  civilization,  for,  besides  excluding  the  com- 
munity from  all  participation  in  the  increased  wealth,  it  would  destroy 
the  incentive  to  further  improvements. 

This  brings  us  to  the  question,  does  all  monopoly  prevent  lowering  of 
the  price  ?  It  is  commonly  asserted  by  persons  very  much  in  evidence  just 
now  that  all  monopoly  is  alike — bad  ;  that  a  good  monopoly,  like  good 
monarchy,  is  unthinkable.  This  may  be  good  politics,  but  it  is  poor  sci- 
ence. It  is  no  more  true  that  all  monarchies  are  bad  than  that  all  republics 
are  good.  Neither  is  it  any  more  true  that  all  monopoly  is  bad  than  that 
all  competition  is  good.  Whether  a  monopoly  will  be  good  or  bad, 
whether  or  not  it  will  tend  constantly  to  distribute  the  profits  and 
create  new  margins  by  improving  methods,  will  depend  upon  how  the 
monopoly  is  acquired  and  maintained. 

There  are  two  ways  in  which  a  monopoly  may  be  secured ;  one  is  by 
the  use  of  superior  methods  and  management,  outbidding  the  competi- 
tors by  furnishing  cheaper  and  better  service  ;  the  other  is  through  exclu- 
sive privileges.  Every  increase  of  business,  however  great,  acquired  by 
rendering  service  superior  to  one's  competitors,  is  the  legitimate  reward 
of  competition.  To  deprive  the  superior  competitor  of  the  reward  for  his 
superiority  is  to  discourage  superior  effort.  If  the  increase  of  business  is 
to  be  arbitrarily  denied  to  those  who  successfully  compete  for  it,  then 
competition  will  die.  There  is  no  point  at  which  the  granting  of  the 
reward  for  excellence  can  be  stopped  without  killing  the  competition.  If 
by  this  method  one  competitor  outstrips  all  the  rest  and  secures  control 
of  the  entire  business,  he  has  a  monopoly  for  the  time  being,  but  it  is  the 
reward  for  superior  service.  It  is  like  a  championship  in  any  field  of 
sport,  which  is  acquired  by  doing  better  than  any  and  all  the  rivals.  It  can 
be  held  only  by  maintaining  that  same  superiority.  If  the  monopoly  or 
control  thus  acquired  is  compelled  to  maintain  its  position  unaided  by 
arbitrary  privileges,  it  will  be  compelled  to  continue  to  furnish  superior 
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service  in  order  to  hold  its  superior  position.  When  it  relaxes,  it  is  in 
danger  of  being  superseded  by  a  new  rival.  So  long  as  the  opportunity 
for  new  rivals  to  enter  is  constantly  kept  open  and  inviting,  the  monop- 
oly, though  it  has  no  actual  competitors,  is  constantly  under  the  pressure 
of  potential  competition — which  stands  ever  ready  to  become  active  as 
soon  as  the  profit  margin  is  made  large  enough  to  warrant  the  risk  of 
new  capital  in  the  enterprise.  If  the  managers  of  the  monopoly  thus 
acquired  are  short-sighted  enough  to  think  that  a  supremacy  once  ac- 
quired is  always  assured,  and  insist  upon  keeping  the  price  at  the  maxi- 
mum and  refuse  to  share  the  benefits  with  the  public,  the  inevitable  re- 
sult,— and  it  has  occurred  a  great  many  times-— will  be  that  their  excep- 
tional profits  will  attract  new  capital  into  the  industry  and  force  the  mo- 
nopoly to  disgorge  part  of  its  profits,  either  by  buying  out  the  new  enter- 
prise at  a  fabulous  sum  or  by  lowering  the  prices  of  the  product  to  the 
community.  This  potential  competition  is  as  constant  in  its  operation  as 
the  force  of  gravitation.  It  never  ceases,  day  or  night;  it  waits  only  for 
the  assured  opportunity  to  operate. 

In  proportion  as  corporations  become  exceptionally  large,  this  poten- 
tial competition  becomes  a  more  important  factor,  because  the  larger  the 
concerns  the  more  they  have  to  lose  by  mistakes  which  invite  new  com- 
petitors. It  is  more  economic,  more  profitable  in  the  long  run,  to  keep 
the  new  competitors  out  of  the  field  by  dividing  the  profits  with  the  com- 
munity than  to  be  compelled  to  divide  them  with  a  new  rival  who  may 
prove  their  undoing. 

Monopoly  in  any  field  of  enterprise  is  inimical  to  public  welfare  only 
when  it  uses  its  power  to  exclude  the  public  from  the  benefits  of  progress. 
So  long  as  it  uses  its  enormous  power  to  make  nature  yield  more  and 
divides  the  increase  with  the  public  it  is  a  benefit.  So  long  as  large  con- 
cerns acquire  their  position  by  their  superior  economic  ability  and  are 
kept  constantly  under  the  pressure  of  either  actual  or  potential  competi- 
tion, the  interests  of  the  community  are  safe,  since  they  can  only  injure 
the  community  by  risking  their  own  existence.  Their  only  safety  con- 
sists in  constantly  pursuing  the  methods  by  which  they  gained  their  su- 
perior position,  namely,  by  rendering  better  and  cheaper  service  than  any 
rival  can  do. 

It  is  contended  by  some  that  the  tariff  is  a  cause  of  monopoly  in  all 
protected  industries;  that  to  the  extent  that  a  corporation  product  is  pro- 
tected by  a  tariff,  competition  is  destroyed  and  a  monopolistic  element 
introduced.  This  is  a  mistake.  The  tariff,  to  the  extent  that  it  operates 
at  all,  operates  equally  with  all  competitors  in  the  same  line.  Take  for 
instance  the  iron  and  steel  industry.  The  Carnegie  company  is  the  giant 
concern  in  that  industry.  In  what  way  does  the  tariff  help  Mr.  Carnegie 
against  the  other  iron  and  steel  producers  ?  If  it  gives  50  per  cent,  pro- 
tection to  him  it  gives- the  same  to  any  others.  Whatever  affects  all  equally 
can  give  no  special  advantage  to  any,  and  therefore  cannot  be  the  cause 
of  monopoly. 

The  only  effect  the  tariff  has  on  competition  is  between  the  producers 
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in  this  country  and  abroad.  .  The  price  of  iron,  like  that  of  everything 
else,  is  necessarily  governed  in  the  last  analysis  by  the  cost  of  production 
of  the  marginal  or  dearest  increment  of  the  general  supply.  Now  this 
dearest  element  is  furnished  by  the  small  iron  and  steel  manufacturers 
who  have  less  capital  and  poorer  facilities.  The  price  is  adjusted  largely 
by  their  cost  and  not  by  Carnegie's.  His  profits  are  much  larger  than 
theirs  because  his  prices  are  the  same,  while  his  cost  of  production  is  very 
much  less.  Suppose  the  tariff  were  entirely  removed  from  iron  and  steel 
products,  would  that  in  any  way  lessen  the  monopolistic  aspect  of  the 
Carnegie  company  ?  Not  at  all ;  it  wouM  probably  let  in  the  cheaper 
products  of  England  and  other  countries,  which  would  undersell  a  very 
large  number  of  Carnegie's  smaller  competitors.  Indeed,  a  very  large 
number  of  them  would  be  compelled  to  retire  from  business,  but  the  Car- 
negie company  would  in  all  probability  be  able  to  weather  the  storm.  As 
the  small  concerns  disappeared  the  Carnegie  company  would  reach  out 
in  the  hope  of  getting  a  still  larger  proportion  of  the  American  business, 
and  if  size  means  monopoly  that  would  be  more  monopolistic  than  ever. 
Briefly,  the  result  would  be  to  destroy  the  small  iron  producers  and  in- 
crease the  size  of  the  few  large  ones  and  thus  concentrate  the  iron  busi- 
ness in  still  fewer  hands  than  at  present.  The  truth  is,  that  instead  of 
promoting  monopoly  the  tariff  sustains  the  smaller  competitors  who  could 
not  otherwise  exist,  and  thus  checks  the  growth  of  monopoly. 

In  the  very  act  of  lessening  the  competition  between  foreign  and  Amer- 
ican producers,  the  tariff  increases  the  competition  of  American  producers 
by  making  it  possible  for  the  smaller  concerns,  which  would  otherwise  be 
wiped  out,  to  continue  in  business.  The  tariff  may  sometimes  raise  the 
price  a  little,  but  in  so  doing  it  keeps  the  smaller  producers  on  their  feet 
and  makes  monopoly  less  possible. 

Monopolies  which  come  into  existence  by  special  privileges  are  of  an 
entirely  different  character.  In  their  case  both  potential  and  actual  com- 
petition are  arbitrarily  excluded.  Since  the  state  has  taken  the  place  of 
competition  it  is  clearly  its  duty  to  do  the  work  of  competition.  It  may  be 
said  that  the  state  can  only  act  arbitrarily  and  therefore  can  never  do 
price-fixing  and  profit-distributing  work  as  well  as  it  can  be  done  by  com- 
petition. This  is  true,  and  for  that  reason  the  state  should  never  be  sub- 
stituted for  competition  where  the  operation  of  competition  can  be  se- 
cured. But  there  are  cases  where  economic  competition  is  practically 
impossible,  because  the  existence  of  the  corporation  depends  on  govern- 
ment action,  as  in  the  case  of  steam  and  electric  railways,  gas  companies, 
waterworks,  etc.,  where  the  operation  of  the  business  is  possible  only  by 
charter  and  franchise  privileges. 

In  this  class  of  corporations  state  action  should  be  substituted  for  com- 
petition. There  are  two  ways  in  which  the  corporation  can  be  made  to 
share  its  surplus  with  the  community;  one  is  by  lowering  the  price  of  its 
service  to  the  public,  and  the  other  is  contributing  to  the  public  revenues. 
Both  of  these  can  be  reached  by  the  state.  The  matter  of  taxation  is  not 
very  difficult.     That  can  be  accomplished  quite  effectually  by  treating 
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franchises  as  real  estate  and  taxing  them  as  such  ;  taking  the  market 
value  of  stocks  and  bonds,  as  the  basis  of  the  corporation  tax,  as  is  already 
practically  done  in  some  states. 

In  the  matter  of  service,  the  state  can  properly  fix  the  maximum  rate 
that  can  be  charged,  but  in  order  to  do  this  it  must  be  put  in  full  posses- 
sion of  all  information  regarding  the  economic  condition  of  the  corpora- 
tion. It  must  have  the  right  of  access  to  all  the  accounts,  so  as  to  ascer- 
tain the  actual  investment,  the  cost  of  production,  the  actual  and  possible 
margins.  With  all  this  information  the  state  will  act  clumsily  and  often 
unjustly,  but  it  can  do  nothing  without  it.  But  if  the  state  is  not  to  do 
more  harm  than  good  it  is  highly  important  that  this  duty  be  entrusted 
to  officers  competent  to  act  in  accord  with  economic  law  and  not  upon 
uninformed  public  sentiment,  as  they  are  too  prone  to  do. 

Take  our  railroads  for  example.  The  immense  railroad  system  in  this 
country  comprises  over  185,000  miles  of  railroad,  with  245,000  miles  of 
track,  much  of  which  runs  hundreds  of  miles  through  nearly  uninhabited 
territory.  Large  portions  of  this  trackage  with  the  present  travel  and  trans- 
portation ,  cannot  possibly  pay  expenses.  Of  course,  the  prime  object  of  the 
management  is  so  to  conduct  the  railroad  as  at  least  to  make  it  j>ay  work- 
ing expenses  and  yield  a  profit  if  possible.  This  has  necessarily  led  to 
numerous  devices  in  the  fixing  of  rate  charges.  Out  of  the  multitude  of 
experiments  that  experience  suggested  *' pooling  "  and  the  "  long  and 
short  haul  "  practices  have  arisen.  Both  these  methods  are  regarded  by 
the  public  as  unjust,  immoral  and  against  public  policy.  The  Interstate 
Commerce  Commission  was  created  as  a  means  of  introducing  govern- 
ment action  into  the  regulation  of  railway  rates,  but  its  experience  has 
not  been  altogether  satisfactory. 

In  a  recent  address  before  a  commercial  congress  at  Houston,  Texas, 
Mr.  Prouty,  a  member  of  the  Interstate  Commerce  Commission,  charged 
the  railroads  with  practicing  ruinous  discrimination  against  small  con- 
cerns and  small  cities  in  favor  of  large  corporations  and  large  cities.  As 
a  case  in  point  he  cited  the  shipping  of  nails  from  Pittsburg,  Pa.,  and 
Pueblo,  Col.,  to  San  Francisco  as  follows  : 

"The  rate  from  Pittsburg  to  San  Francisco  was  a  trifle  more  than  one- 
third  the  rate  from  Pueblo  to  San  Francisco,  although  the  distance  was  more 
than  twice  as  great  from  the  former  as  from  the  latter  place,  and  although  the 
freight  passed  or  might  pass  through  the  city  of  Pueblo  itself.  A  keg  of  nails 
was  worth  $2.00  at  the  mill.  It  cost  the  Pittsburg  manufacturer  65  cents  to 
transport  that  keg  of  nails  to  the  Pacific  coast,  while  it  cost  the  fuel  company 
at  Pueblo  $1.60  to  transport  it  to  the  same  point,  although  the  distance  from 
Pittsburg:  was  more  than  3,000  miles,  while  that  from  Pueblo  was  less  than  1,300 
miles,  and  the  freight  from  Pittsburg  actually  passed  the  doors  of  the  fuel 
company.  Manifestly,  under  these  conditions,  tiiere  could  be  no  competition, 
and  unless  that  company,  having  vainly  implored  the  railways  for  relief,  could 
obtain  it  from  other  sources,  it  would  be  forced  to  withdraw  its  furnaces  and 
discharge  its  men,  constituting  a  pay-roll  of  $10,000  a  day.  That  is  a  strong 
case,  but  it  differs  in  no  respect  in  principle  from  cases  in  all  parts  of  the 
United  States." 
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It  must  be  admitted  that  on  the  face  of  it  the  case  has  an  ugly  seeming, 
but  if  we  go  behind  the  seeming  to  the  facts  and  the  reasons  for  them, 
we  shall  find  that  the  cause  is  economic  and  not  moral  as  Mr.  Prouty 
thinks. 

The  present  rates  per  hundred  pounds  for  shipping  nails  on  through 
lines  from  New  York,  Pittsburg  and  Pueblo  to  San  Francisco  in  carloads 
and  less  than  carloads  are  as  follows  : 


New  York  to  San  Francisco  (3,250  miles). 
Pittsburg  to  San  Francisco  (2,819  miles) . . 
Pueblo  to  San  Francisco  (1,320  miles) 


Carloads. 
40,000  lbs. 


I«ess  than  car- 
loads. 


|o-75 
0.75 
0.46 


|i-25 

1-25 

•94 


It  will  be  seen  in  the  first  place  that  Mr.  Prouty  is  in  error  as  to  the 
facts.  The  rate  from  Pueblo  is  not  one-third  more  than  the  rate  from 
Pittsburg  as  he  says,  but  is  about  one-third  less.  In  large  carloads 
(40,000  lbs.)  it  is  more  than  one-third  less ;  in  less  than  carloads  it  is  one- 
fourth  less.  And  instead  of  being  |i.6o  from  Pueblo  as  against  65  cents 
from  Pittsburg,  the  rate  is  only  45  cents  in  carloads  from  Pueblo  as 
against  75  cents  from  Pittsburg  and  New  York,  and  in  less  than  carloads 
94  cents  from  Pueblo  as  against  25  cents  from  New  York  and  Pitts- 
burg. It  will  also  be  noticed  that  the  rate  is  the  same  from  Pittsburg  as 
from  New  York,  although  the  distance  is  431  miles  less.  Still  the  charge 
is  much  greater  from  Pueblo  in  proportion  to  the  distance  than  from 
New  York  and  Pittsburg,  as  it  is  from  Ogden,  Utah,  and  some  other 
places. 

This  seeming  unfairness  is  largely  the  result  of  two  unavoidable  facts, 
namely,  the  cost  of  production  and  the  state  of  competition.  It  is  essential 
to  a  solvent  railroad,  as  to  any  other  business,  to  make  the  income  from 
its  aggregate  business  cover  the  aggregate  costs.  If  competition  is  such 
a  part  of  its  system  as  to  make  a  full  paying  rate  impossible,  a  relatively 
higher  rate  on  other  portions  is  indispensable.  This  is  exactly  the  case 
in  the  instance  under  consideration.  The  rates  for  shipping  from  New 
York  and  Pittsburg  to  San  Francisco  cannot  be  fixed  on  the  basis  of  the 
average  cost  for  the  whole  system,  because  on  this  through  business  the 
railroads  are  in  competition  with  water  routes  to  the  same  terminus.  If 
the  railroads  charged  much  more  than  the  water  rates  they  would  lose 
the  business  altogether. 

The  loss  of  New  York  and  Pittsburg  business  would  greatly  increase 
the  proportion  of  fixed  costs  on  all  the  other  business  and  make  a  very 
much  higher  rate  necessary  elsewhere  in  order  to  cover  the  total  costs. 
The  roads  therefore  take  the  New  York  and  Pittsburg  business  at  the 
rate  that  competition  with  the  water  route  dictates,  in  order  to  avoid 
greater  loss.  Consequently  they  are  compelled  to  fix  the  rates  on  other 
parts  of  the  system  not  in  competition  with  the  water  route,  at  a  figure 
that  will  make  the  aggregate  earnings  cover  the  aggregate  costs.     While 
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the  Pueblo  people  pay  higher  relative  rates  than  the  New  York  and  Pitts- 
burg, they  would  have  to  pay  still  higher  rates  if  New  York  and  Pitts- 
burg rates  were  raised  so  as  to  send  the  business  to  the  water  routes. 
This  shows  that  a  flat  rate  per  mile  for  transportation,  which  seems  to  be 
the  only  fair  method  of  treating  shippers,  would  frequently  be  the  most 
uneconomic  rates  and  often  greatly  increase  charges  to  the  smaller  ship- 
pers. Wherever  economic  forces  are  permitted  to  operate  they  are  always 
more  equitable  in  the  long  run  than  is  the  wisest  government  action. 
Instances  of  this  character  are  numerous  in  the  railroad  economy  of  this 
country  of  immense  distances,  and  in  any  government  regulation  should 
receive  adequate  consideration.  An  impartial  consideration  of  the  facts 
seems  to  justify  the  conclusions: 

First,  that  trusts  as  distinct  organizations  have  ceased  to  exist,  hence 
the  question  is  solely  one  of  corporations. 

Second,  that  the  public  criticism  is  not  against  corporations /^rj^,  but 
against  monopoly. 

Third,  that  monopoly  is  very  much  less  general  than  is  supposed,  in- 
deed very  rarely  exists. 

Fourth,  that  monopoly  is  not  necessarily  inimical  to  public  welfare, 
but  is  only  dangerous  when  it  rests  on  special  privileges. 

Fifth,  that,  wherever  actual  or  potential  competition  can  operate,  the 
benefits  of  invention  and  organization  will  be  more  equitable  distributed 
through  the  community  by  the  free  action  of  economic  forces  than  by 
state  action. 

Sixth,  that  class  of  corporations  which  receive  special  privileges  in  the 
form  of  charters  and  franchises  which  shield  them  from  the  influence  of 
economic  competition  may  properly  be  subjected  to  some  degree  of  state 
supervision. 

The  first  condition  of  intelligent  action  on  the  part  of  the  state  is  a  full 
knowledge  of  the  economic  conditions  of  the  corporation.  This  clearly 
involves  public  accounting  with  the  freest  kind  of  government  inspec- 
tion, though  in  most  cases  it  would  be  very  difficult  for  the  government 
to  fix  freight  rates  for  railroads.  Competing  roads  to  all  important  points 
enable  competition  to  do  that  more  equitably  than  the  government  could 
hope  to  do  it.  But  there  is  one  general  thing  the  government  might  do, 
being  in  full  possession  of  the  accounts  and  contracts,  and  that  is,  insist 
that  uniform  rates  for  the  same  service  shall  be  charged  to  all  competing 
shippers.  That  is  to  say,  that  no  merchant  or  manufacturer  shipping  goods 
by  rail  shall  have  any  different  rates  for  the  same  service  than  any  other 
shippers,  large  or  small,  shall  have  between  the  same  points.  Rebates 
should  be  made  a  penal  offense.  This  would  insure  that  the  railroad  ser- 
vice under  similar  conditions  should  be  the  same  for  all  competing  ship- 
pers. In  other  words,  it  would  put  the  railroad  service  at  the  command  of 
the  public  on  the  same  terms  to  everybody  for  the  same  service. 

In  the  case  of  street  railways,  gas  companies,  etc.,  which  operate  under 
franchises,  excluding  competition,  the  government  would  probably  com- 
mit the  fewest  blunders  and  violate  economic  law  the  least  by  acting 
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on  two  simple  propositions.  First,  make  the  corporations  contribute  to 
the  public  revenues  by  means  of  a  franchise  tax,  on  the  basis  of  real  es- 
tate. Second,  by  selling  the  franchises  to  the  highest  bidder,  the  bid- 
ding being  not  in  offering  money  for  the  franchise  privilege  but  in  offer- 
ing the  lowest  rate  of  tariff  to  the  public,  thus  sharing  the  benefits  with 
the  taxpa3rer8  through  a  franchise  tax  and  with  the  traveling  public 
through  lower  fares. 
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The  Remedy  for  the  Evii,  of  Trusts,  with  Special  Reference 
to  the  Tariff.    By  Lawson  Purdy,  New  York. 

The  word  "trust"  is  a  very  unsatisfactory  word,  for  it  is  differently 
defined  by  almost  every  one  who  uses  it.  It  appears  to  be  generally  used 
as  synonymous  with  a  large  corporation,  and  is  applied  indiscriminately 
to  corporations  enjo3ung  a  natural  monopoly,  and  to  corporations  en- 
gaged in  business  which  is  naturally  competitive.  Before  there  can  be 
any  clear  thinking  done  or  useful  advice  given  on  the  subject  of  trusts,  a 
distinction  must  be  made  between  business  which  is  naturally  competi- 
tive and  business  which  is  not  naturally  competitive.  Every  business  in 
which  any  individual  or  corporation  can  engage  without  a  delegation  of 
governmental  power  is  a  naturally  competitive  business,  and  any  business 
which  can  only  be  prosecuted  if  some  state  power  is  delegated  to  the  in- 
dividual or  corporation  which  desires  to  engage  in  it  is  naturally  non- 
competitive. Businesses  which  are  naturally  non-competitive  are  natural 
monopolies  and  must  be  treated  as  such  and  no  attempt  made  to  intro- 
duce competition,  where,  from  the  nature  of  the  case,  it  cannot  freely 
operate. 

No  one  can  build  a  railway  or  a  telegraph  line  or  supply  a  city  with  gas 
without  power  of  eminent  domain  delegated  by  the  state.  Experience 
has  demonstrated  that  there  can  be  no  true  competition  in  performing 
these  public  services,  and  it  is  clear  that  the  attempt  to  have  competition 
involves  an  economic  waste.  When  two  or  more  gas  companies  attempt 
to  supply  gas  in  the  same  territory,  the  result  is  always  sooner  or  later  a 
combination,  which  generally  ends  in  the  absorption  of  the  entire  busi- 
ness by  one  company.  A  duplication  of  plants  should  never  be  permitted 
for  loss  is  inevitable  either  to  the  investors  or  to  the  public.  Over  and 
over  again  we  have  had  the  same  experience  with  railroads,  telegraph 
lines  and  other  monopolies. 

I  believe  that  the  true  solution  of  this  part  of  the  problem  is  public 
ownership  and  operation  of  all  natural  monopolies.  It  is  contended  that 
our  governments,  federal,  state  and  municipal  are  not  able  and  righteous 
enough  to  perform  this  new  function,  but  it  should  be  clear  to  any  ob- 
sers^er  of  municipal  and  state  affairs  that  the  most  serious  corrupting  in- 
fluence in  city  and  state  politics  is  the  power  of  natural  monopolies  in 
private  hands.  So  long  as  this  corrupting  influence  remains  the  purifica- 
tion of  our  politics  is  a  dream.  Bribery  will  be  rampant  in  city  councils 
and  state  legislatures  so  long  as  they  have  great  privileges  to  confer,  and 
so  long  as  their  duty  to  the  public  requires  action  on  their  part  to  control 
and  limit  the  powers  of  great  public  service  corporations. 

Some  one  of  the  great  cities  of  the  United  States  has  been  in  a  state 


336  SECTION   I. 

bordering  on  a  ci\-il  war  almost  constantly  for  vears  because  public  fnuc- 
tion«-  are  in  private  hands.  When  the  cities  perform  their  oirn  public 
serx'ices  there  will  be  no  strikes,  and  the  power  in  the  hands  of  the  domi- 
nant political  party  through  the  employment  of  public  servants  will  be 
as  nothing  compared  to  the  power  now  exercised  by  coercing  great  cor- 
porations. 

The  cities  of  New  York  and  Brooklyn  operated  a  railway  for  orer  fifteen 
years  which  carried  more  passengers  than  any  other  railway  in  the  world 
of  equal  length.  Not  a  single  life  was  lost  and  not  a  single  stxike  oc- 
curred in  that  time.  No  serious  complaint  was  ever  made  that  the  operation 
of  that  railway  was  a  source  of  strength  to  any  political  party.  The  em- 
ployees of  a  street  railway  come  close  to  the  public,  and  the  poblic  can 
be  trusted  to  see  that  it  is  well  ser\-ed.  Fraud  and  comption  have  only 
found  entrance  into  our  postal  system  when  the  government  farmed  out 
its  duties  to  private  contractors. 

A  serious  e\'il  which  results  from  delegating  govemmental  powers  is 
the  building  up  of  abnormal  private  fortunes,  a  danger  to  repobHcan  in- 
stit-Jtions  which  scarcely  can  be  overestimated.  The  problem  before  us 
now  is  the  distribution  not  the  production  of  wealth ;  for  the  only  way 
thit  we  c-ia  increase  the  production  of  wealth  is  by  first  seeming  its  dis- 
ir:V=r:<'=  «-:'  that  each  man  shall  get  all  that  he  earns.  When  that  is  ac- 
c\-'=::'.:*":ei  no  man  will  get  more  than  he  earns,  and  we  wiS  hear  no 
zn'irt  of  ;ver-prc-i-Jction  and  be  no  more  afflicted  with  the  abnormal  coo- 
div--:-  ■:■:  :=r5«:::ig  warehouses  and  idle  men. 

The  =:•:■&:  sasguine  cannot  expect  to  see  all  public  functions  owned  and 
operiied  >'y  the  public  for  many  years  to  come.  and.  meanrime/we  have 
the  rikih:  to  deniand  and  should  require  of  all  corporations  enjoying  nat- 
ural monopo'.ies  thai  they  shall  adopt  a  sx-stem  of  uniform  acoonnting. 
and  the  aV-soV-te  p-l  licity  of  such  accounts.  Rates  for  public  servioe  can 
and  shoulvi  !:«  nxe^i  so  low  as  to  return  only  a  fair  interest  an  the  actul 
capital  investe :.  Railway  rales  should  be  adjusted  by  the  IsterBtaie 
Commerce  C:rr.n::5*5i^;'n  sc"  that  there  may  be  no  possabilitT  of  discrimina- 
tion in  freijiht  rites. 

Industrial  :r-*t*  c-iraeeii  in  business  naturally  cumpeUlive  «je  merehr 
Kirj;e  cv^ryy.  rat:  ?r.>  in  i  the  stiite  has  no  znore  right  to  TCBtrici  or  lescraxn 
or  to  rev^jUir^  :  ir.tT.  r--  ".-.rity  of  accounting  than  it  has  tOTCBtrict  orie- 
ftirain  or  ■ieriiz  i  tu'liritv  ;f  icccuatins:  from  any  other  awmdactxirer. 
merchant  f-iruirr  r-ai^-*--*  rk*-r.  Publicity  of  accounts  is  inoonqiKtilde 
wiih  v\un:<::::   r.    ir.  '.  ::   i.-.y  rt-Tiiut  is  in:pose*i  upoo  cxoiqietitian  mo* 

III  I  he  .i*  -<.::.  r     :  ::.  t.    >  .     -     nert  iccT^jrataoa  of  cipztal  I 
itaMe  lo   i:>-  v^r.r:^^.:^Vrtr;TSri,*^inTT'r^ 
eiMlHM;ilioii    vr:t::o-.:t  air.    j.riv:!.-/*-   .  ..iitioH.  ,1  .,n  ,7^  1.. 
^lUiin  the  rn-.tf.l  SmVs  it  omLi  n-.t  ...U.,n...  pt,,.,;  l„  .  ....  . 

pieNeiil  iM.iciilMlity  .^i  o,inj,*-iiti..ii 

riuie   Aiv   tho;<-   wh.i   .l.irkfii    i.iUiiMl.in.l    I,,  fo^   tin-  ^„,.  , 
liu'nl>   toi    iioii-iiiltrtVrciKc    »»>  the  >lalc   uiili  ,..,.  .h    ...ip.., .,,'{', 
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very  ground,  that  competition  is  the  safe  and  certain  regulator  of  prices 
and  wages  ;  at  the  same  time  they  ignore  the  fact  that  there  is  hardly  a 
great  corporation  in  the  country  that  is  not  the  beneficiary  of  some  special 
privilege. 

There  is  a  wrong  and  the  people  are  conscious  that  there  is  a  wrong ; 
those  who  say  there  is  none  will  be  responsible  if  the  people  demand  the 
passage  of  all  sorts  of  stupid  anti-trust  restrictions  and  regulations.  The 
wrong  consists  in  special  privilege,  and  it  is  against  the  grant  of  any 
special  privilege  that  we  must  contend. 

The  special  privileges  which  are  the  source  of  monopoly  may  be  classi- 
fied as  follows  :  First,  natural  monopolies  in  private  hands  ;  second,  pat- 
ent laws  ;  third,  internal  revenue  laws ;  fourth,  tariff  laws  ;  fifth,  monop- 
oly of  territory. 

We  are  all  familiar  with  the  grave  complaints  that  have  been  made  for 
many  years  against  discriminations  in  freight  rates,  and  it  is  alleged  by 
many  well  informed  persons  that  the  power  of  the  Standard  Oil  trust  was 
at  first  derived  and  largely  increased  by  freight  discriminations ;  it  is 
alleged  that  a  monopoly  of  pipe  lines  now  gives  it  material  aid.  Other 
so-called  trusts  have  been  aided  by  like  discriminations.  The  remedy 
has  been  already  pointed  out. 

To-day  our  patent  laws  are  such  that  a  useful  invention  may  be  mo- 
nopolized by  one  individual  or  corporation  for  a  long  period  of  years,  or 
even  may  be  withheld  from  use  altogether.  This  perversion  of  our  pat- 
ent laws  has  aided  and  strengthened  monopolistic  corporations. 

It  seems  to  me  that  a  sufficient  remedy  would  be  the  denial  of  an  in- 
junction, to  restrain  the  infringement  of  a  patent  to  any  one  who  could 
not  affirmatively  show  that  the  patent  was  open  to  the  use  of  the  public 
on  reasonable  terms. 

Our  internal  revenue  laws  were  responsible  years  ago  for  a  match  mo- 
nopoly, and  many  will  remember  that  when  the  tax  on  matches  was 
abolished  the  price  fell  two  or  three  times  as  much  as  the  amount  of  the 
tax  abated.  To-day  our  internal  revenue  laws  are  responsible  for  an  ad- 
vance in  prices  far  greater  than  the  tax  received  by  the  government.  The 
obvious  remedy  is  the  abolition  of  the  internal  revenue  laws. 

The  chief  special  privilege  of  the  industrial  trusts  is  the  tariff,  and  it  is 
difficult  to  understand  how  any  argument  can  be  made  for  retaining  a 
privilege  which  enables  a  manufacturer  to  charge  higher  prices  to  the 
citizens  of  the  United  States  than  he  obtains  from  the  foreigners.  I  do 
not  believe  in  tariffs  at  all,  but  I  do  not  propose  to  present  an  argument 
here  for  the  abolition  of  the  tariff,  nor  do  I  propose  to  antagonize  those 
who  believe  that  a  protective  duty  may  be  properly  employed  to  build  up 
infant  industries.  In  1889 the  Hon.  John  Sherman  said  :  ''The  primary 
object  of  a  protective  tariff  is  to  provide  the  fullest  competition  by  indi- 
viduals and  corporations  in  domestic  production.  If  such  individuals  or 
corporations  combine  to  advance  the  price  of  the  domestic  product  and 
to  prevent  the  free  result  of  open  and  fair  competition,  I  would,  without 
22 
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a  moment's  hesitation,  reduce  the  duty  on  foreign  goods  competing  with 
them,  in  order  to  break  down  the  combination.*' 

"  Whenever  this  free  competition  is  evaded  or  avoided  by  combination 
of  individuals  or  corporations,  the  duty  should  be  reduced  and  foreign 
competition  promptly  invited."  On  the  strength  of  this  good  protection 
doctrine  I  submit  that  the  time  has  arrived  when  a  great  number  of  arti- 
cles produced  in  the  United  States  are  sold  for  less  money  abroad  than 
they  are  at  home,  and  that  this  evidence  is  conclusive  that  protection  is 
no  longer  doing  the  work  intended,  but  is  being  used  to  fleece  the  Ameri- 
can public.  Protection  is  designed,  as  Sherman  said,  to  reduce  prices  by 
encouraging  domestic  competition.  When  domestic  producers  combine, 
and  at  the  same  time  are  able  to  produce  goods  in  competition  with  for- 
eign manufacturers,  they  have  no  right  to  demand  and  the  American 
people  have  no  right  to  concede  to  them  "a  privilege  which  is  no  longer 
used  for  the  purpose  for  which  it  was  devised. 

To  assert  that  all  monopoly  is  due  to  the  tariff  is  to  discredit  the  valid 
argument  for  tariff  repeal.  There  is  little  danger  now  of  tame  submission 
to  monopoly  extortion,  but  there  is  a  real  danger  that  the  foes  of  monop- 
oly will  make  such  an  ill-directed  attack  that  monopolists  may  use  the 
people's  weapons  for  their  own  advantage,  or  that  such  restrictions  upon 
business  will  be  enacted  as  will  hamper  and  restrain  that  beneficent  com- 
petition which  is  verily  the  life  of  trade. 

Monopoly  does  not  lack  defenders,  and  the  most  spacious  plea  is  that 
which  frankly  admits  that  trusts  should  have  no  special  privilege,  and 
then  asserts,  directly  or  by  implication  that  few  trusts  have  any  special 
privilege.  Such  defenders  glorify  competition  and  discuss  the  theoreti- 
cal trust  which  has  no  privilege.  The  trust  which  has  no  privilege  never 
existed,  and  in  all  probability  never  will  exist.  Monopoly  is  bom  of 
privilege,  and  of  privilege  only. 

The  tariff  privilege  is  most  easily  reached  of  all  and  can  be  the  most 
easily  withdrawn.  There  are  few  industrial  trusts  which  do  not  depend 
upon  the  tariff  for  their  power  to  extort  exorbitant  prices,  and  when  the 
trusts  are  gone  it  will  be  comparatively  easy  to  deal  with  the  rest.  Those 
that  remain  will  be  weakened  and  will  stand  alone,  the  cause  of  their  mo- 
nopoly will  then  be  more  plainly  seen.  There  is  no  need  to  fear  any 
mere  aggregation  of  capital  which  has  no  privilege,  it  can  only  exist  if 
it  can  effect  economics  and  perform  good  service  to  the  public. 

The  best  way  to  study  the  effect  of  the  tariff  on  trusts  would  be  to  make 
a  complete  list  of  industrial  trusts,  a  list  of  their  products  with  the  do- 
mestic and  foreign  prices  of  each,  and  the  amount  of  the  customs  duty. 
Such  a  complete  list  would  involve  enormous  labor,  and  most  men  must 
necessarily  form  their  opinions  from  examples. 

It  is  often  said  that  the  sugar  trust  has  no  tariff  protection,  but  Mr. 
Henry  T.  Oxnard  demonstrated  that  its  protection  amounts  to  50  per 
cent  or  more.  The  beef  trust  is  frequently  referred  to  as  a  trust  which 
receives  no  benefit  from  the  tariff,  but  the  duty  on  hides  is  15  per  cent, 
and  on  beef  25  per  cent.     On  September  24,  1899,  it  was  reported  from 
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Hamburg  that  the  trust  was  selling  beef  in  Germany  25  per  cent  cheaper 
than  in  the  United  States.  In  the  absence  of  the  tariff  we  should  have 
the  benefit  of  competition  from  Australia,  Canada  and  Mexico. 

Ultra  protectionists  point  with  pride  to  the  tin-plate  industry  as  a  result 
of  tariff  protection.  Mr.  Byron  W.  Holt  has  shown  that  the  tin-plate  in- 
dustry has  cost  the  people  of  the  United  States,  after  allowing  for  the  re- 
bates on  exported  tin-plates,  the  immense  sum  of  eighty  million  dollars 
in  nine  years.  This  is  only  the  extra  amount  paid  by  wholesalers  and 
metal  workers,  but  the  American  people  who  were  the  final  consumers  of 
the  tin-plate,  must  have  paid  at  least  one  hundred  million  dollars  for  the 
privilege  of  using  tin-plate  made  in  the  United  States. 

The  tin-plate  trust  was  formed  in  1898,  and  now  owns  practically  every 
mill  in  the  country  making  tin-plates  for  the  general  trade.  It  is  capi- 
talized at  fifty  million  dollars,  and  the  actual  value  of  the  assets  of  the 
company  at  its  formation  did  not  exceed  twelve  millions.  The  promoter 
of  the  trust  was  said  to  have  received  ten  million  dollars  of  the  common 
stock  for  his  services.  The  present  market  value  of  the  trust  stock  is 
over  twenty  million  dollars  and  has  been  much  higher. 

It  has  been  vigorously  denied  that  there  was  any  advance  in  the  price 
of  tin  plates  in  excess  of  the  advance  in  England,  and  false  statistics  have 
been  quoted.  The  trust  was  organized  in  December,  1898,  and  from 
August  I,  1898,  to  August  I,  1899,  foreign  plates  rose  {1.20  per  100  lb. 
box,  while  American  plates  rose  $1.80.  Six  days  later  American  plates 
advanced  27 >^  cents  more,  while  prices  of  foreign  plates  remained  un- 
changed. On  August  6,  1899,  American  plates  sold  for  $4.85,  and  for- 
eign plates  (in  bond)  for  I3.75  per  box. 

On  June  30,  1898,  the  International  Paper  Company  was  incorporated 
with  a  capital  of  forty-five  million  dollars,  and  authority  to  issue  ten  mil- 
lions in  bonds.  The  trust  controls  about  80  per  cent  of  the  product. 
'•  The  brief  in  favor  of  free  paper  and  free  pulp  "  submitted  to  the  Anglo- 
American  Joint  High  Commission  on  December  27,  1898,  by  the  Ameri- 
can Newspaper  Publishers'  Association,  stated  that  a  plant  of  sufficient 
capacity  to  produce  the  entire  output  of  this  corporation  could  be  built 
for  fifteen  million  dollars  so  that  the  fictitious  value  of  the  securities  is 
forty  million  dollars.  The  organizers  of  the  trust  admitted  that  its  com- 
mon stock  represented  only  good-will,  yet  a  quarterly  dividend  of  i  per 
cent,  on  the  common  stock  was  paid  December  31,  1898.  Upon  the  for- 
mation of  the  trust  the  price  of  paper  was  at  once  advanced,  and  also  the 
price  of  wood  pulp.  The  trust  controls  practically  all  the  valuable 
sources  of  supply  of  raw  material  and  water  power  in  this  country.  Our 
forests  are  being  destroyed,  and  in  consequence  of  the  tariff  wall  it  is  im- 
possible to  draw  on  the  enormous  wood  supply  of  Canada.  With  free 
paper  we  could  have  cheaper  paper  and  save  our  forests. 

The  American  Glass  Company  was  formed  in  1895  and  was  succeeded 
by  the  American  Window  Glass  Company  in  October,  1899,  ^^  *  capi- 
tal of  seventeen  million  dollars.  The  estimated  value  of  the  plants  ab- 
sorbed is  said  to  have  been  put  at  {6,190,000  by  one  of  the  organizers. 
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••The  Commoner  and  Glass  Worker,"  of  October  i,  1899,  said  :  ••  From 
an  average  price  of  about  I1.50  per  box  tor  single  and  $2  per  box  for  dou- 
ble strength  in  1893,  the  value  of  glass  has  quite,  if  not  more  than, 
doubled." 

••  Since  the  existence  of  the  American  Glass  Company,  the  greatest  ad- 
vance in  price  has  taken  place.  This  company  has  managed  its  affairs 
without  change  practically  since  its  formation,  and  has  done  it  so  well  as 
to  not  only  control  the  product,  but  to  fix  the  price  at  the  highest  possi- 
ble notch." 

•  •  The  profits  during  the  last  three  years  have  been  enormous.  The  pool 
is  said  to  have*made  1700,000  in  1896,  |i, 750,000  in  1897,  {2,100,000111 
1898,  and  still  larger  profits  are  anticipated  for  1899." 

The  duty  on  glass  averages  about  100  per  cent,  and  prices  are  about 
double  what  they  are  in  Belgium  or  in  England.  Two-thirds  of  the 
skilled  workmen  are  Belgians  or  the  sons  of  Belgians.  The  skilled 
workers  make  good  wages  when  the  factories  are  running,  but  they  are 
idle  nearly  six  months  in  the  year,  and  every  year,  just  after  May  30 
there  is  an  exodus  to  Belgium. 

In  March,  1899,  the  National  Salt  Company  was  incorporated,  with 
twelve  million  dollars  capital,  and  it  acquired  90  per  cent  of  the  manu- 
factories in  New  York.  It  purchased  many  of  the  best  plants  in  Ohio, 
West  Virginia,  Michigan  and  Kansas,  leased  other  plants  and  many 
plants  it  closed.  The  price  of  salt  has  been  advanced  from  40  to  100  per 
cent  since  1896.  Salt  was  on  the  free  list  of  the  Wilson  bill  from  August 
1894,  to  July,  1897.  The  manufacturers  said  they  would  be  ruined,  but 
as  a  matter  of  fact,  they  produced  more  salt  and  more  salt  was  consimied 
from  '95  to  '97  than  ever  before,  and  less  salt  was  imported.  In  1897 
they  asked  to  have  the  McKinley  duty  on  salt  replaced  and  said  that  it 
would  not  perceptibly  add  to  the  cost  of  salt.  They  immediately  began 
to  form  a  trust  and  have  advanced  prices. 

The  Borax  industry  is  not  one  of  our  great  industries,  but  it  is  import- 
ant because  borax  is  useful  in  so  many  other  industries.  The  effect  of 
the  tariff  upon  the  price  of  borax  can  be  judged  from  the  following  quo- 
tations from  the  •'Oil,  Paint  and  Drug  Reporter."  The  Wilson  bill  went 
into  effect  in  August,  1894.  On  December  31,  1894,  this  paper  said : 
•'  The  sweeping  cut  in  the  price  of  borax,  which  we  announce  in  another 
column,  to  take  effect  January  i,  1895,  will  be  a  g^eat  surprise  to  the 
trade,  as  the  impression  has  become  current  that  no  further  reduction 
would  be  necessary  to  enable  the  Americans  to  keep  out  the  foreign  and 
retain  complete  control  of  the  home  markets.  *  *  *  The  net  decline 
in  the  price  since  the  new  tariff  came  into  operation  is  2^  cents  per  pound 
on  crystals  and  powdered,  and  2j4  cents  per  pound  on  refined  in  bags.*' 
After  the  passage  of  the  Dingle}'  act,  the  same  journal  said  on  January 
17,  1898  :  ••  The  advance  in  the  rate  of  duty  on  borax  in  the  Act  of  1897, 
from  2  cents  to  5  cents,  has  caused  a  rise  in  the  price  here  from  5}^  cents 
in  carloads,  which  was  the  market  quotation  when  the  tariff  became  ope- 
rative, to  63^  cents.     *    *    * 
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• '  It  is  evidently  the  determination  of  refiners  to  raise  the  price  by  slow 
and  easy  stages  until  they  shall  reap  the  full  increase  of  benefit  which  the 
new  act  gives  them.  It  would  not  have  been  good  policy  to  advance  the 
price  3  cents  per  pound  as  soon  as  the  tariflF  bill  became  a  law,  as  it  might 
arouse  the  ire  of  consumers  of  borax." 

For  a  number  of  years  prior  to  1898,  various  agreements  were  made  by 
manufacturers  of  barbed  wire  and  wire  nails,  and,  although,  these  agree- 
ments were  not  fairly  kept,  on  December  3,  1896,  the  '*  Iron  Age  "  said 
the  high  prices  of  cut  and  wire  nails  had  reduced  consumption  from  over 
nine  million  kegs  in  1891  and  1892  to  less  than  eight  million  in  1895,  and 
in  1896  to  probably  "  far  less  than  in  1895,  notwithstanding  the  fad  that 
a  large  amount  of  nails  had  been  exported  into  foreign  countries,  at  less 
than  one-half  the  price  the  American  public  paid  for  their  nails." 

It  is  alleged  that  in  1896  one  dealer  bought  a  large  quantity  of  nails  at 
export  prices,  shipped  them  to  Amsterdam  and  back  and  made  a  hand- 
some profit  by  underselling  the  trust  in  this  country.  It  is  said  that  he 
has  since  been  unable  to  buy  any  more  nails  at  any  price. 

In  April,  1898,  the  '*  American  Steel  and  Wire  Company,"  of  Illinois, 
was  formed  with  twenty-four  million  dollars  capital,  and  this  was  merged 
in  the  present  "  American  Steel  and  Wire  Company  "  in  1899,  which  has 
ninety  million  dollars  of  capital,  and  controls  practically  all  the  wire  rod 
and  wire  nail  mills  of  the  country.  The  value  of  the  entire  plant  and 
capital  is  said  not  to  exceed  thirty-eight  million  dollars. 

The  *'  Iron  Age,"  of  January  4,  1900,  printed  tables  of  average  monthly 
prices  for  seven  years,  and  these  prices  show  the  power  of  the  trust.  The 
average  base  price  of  wire  nails  at  Chicago  and  New  York  for  1899  was 
{2.60,  and  in  the  last  four  months  of  that  year  over  {3,  and  in  December 
I3.63  as  against  I1.45  for  1898,  I1.46  for  1897,12.54  for  1896,  |i. 58  for 
1895,  1 1. 1 1  for  1894.  From  the  same  paper  I  quote  the  base  price  of 
barbed  wire  at  Chicago  and  New  York:  "In  December,  1899,  it  was 
I4.13,  the  average  for  1899,  $3.17  ;  1898,  I1.85  ;  1897,  |i.8o;  1896,  I1.96; 
1895,  I2.25;  1894,  I2.18.  The  exports  of  wire  nails  and  wire  from  1893 
to  1899  were  enormous  and  constantly  increasing,  and  the  export  price 
was  frequently  not  more  than  one-half  of  the  home  price.  In  order  to 
get  the  advantage,  of  such  low  export  prices  the  foreigner  must  live  a 
long  way  off,  but  even  Canada  gets  better  prices  than  citizens  of  the 
United  States.  On  December  2,  1899,  *'The  Canadian  Hardware,"  a 
publication  of  Montreal,  said  :  "Retail  dealers  in  the  United  States  pay 
J3.70  f.o.b.  Cleveland  for  car-lots  for  barbed  wire  and  J3.80  for  less  than 
car-lots,  while  the  figure  quoted  to  the  retail  trade  in  Canada  is  $3.25  f.o.b. 
Cleveland  for  car-lots  and  I3.35  for  less  quantities.     *    *    * 

"Plain  wire  is  quoted  to  the  Canadian  dealer  Jii  per  ton  lower  than  to 
the  home  dealer." 

• '  The  explanation  of  these  differences  in  prices  is  that  in  the  home 
market,  on  account  of  the  high  customs  tariff,  the  United  States  manu- 
facturer has  a  monopoly,  while,  in  catering  for  the  Canadian  trade,  he 
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has  to  bring  his  prices  down  to  a  point  that  will  keep  out  the  product  of 
British  and  German  manufacturers." 

Early  this  year  it  was  announced  the  steel  and  wire  trust  had  advanced 
wages,  and  that  the  advance  was  unsolicited  and  unexpected,  but  the 
"Iron  Age,"  of  January  4,  1900,  contains  a  telegram  from  Pittsburg 
which  says  that  "  the  National  Association  of  Rod  Mill  Workers  has  pre- 
sented a  scale  of  wages  to  the  American  Steel  and  Wire  Company  calling 
for  an  increase  in  present  rates  of  from  3  to  2 1  >^  per  cent.  The  men  have 
asked  for  the  restoration  of  the  wages  in  force  prior  to  1893  and  a  uniform 
scale.  The  company  are  given  until  January  15  to  answer  and  it  is  not 
expected  there  will  be  any  trouble  in  arranging  a  satisfactory  settlement 
with  the  rod-mill  men." 

One  of  the  oft  repeated  assertions  made  by  the  trust  defenders  is  that 
there  are  trusts  in  England.  Undoubtedly  there  is  an  opportunity  in 
England  for  combinations  which  can  practice  extortion  upon  the  public 
through  territory  monopoly  or  through  natural  monopolies  in  private 
hands,  or  through  patents  as  in  the  United  States,  but  in  England  there 
is  no  opportunity  for  a  tariff  trust.  In  a  letter  published  in  a  number  of 
newspapers  in  this  country  on  P'ebruary  5  last,  Mr.  Thomas  Scanlon, 
of  Liverpool,  said:  "I  have  been  at  considerable  pains  to  inquire  if  we 
have  in  this  country  anything  approaching  that  alarming  species  of  trade 
monopoly  which  our  American  cousins  call  '  trusts. '  In  Great  Britain 
we  have  to  search  for  trusts.  In  America  they  come  unsought  for,  and 
insist  on  remaining.  We  have,  it  is  true,  a  large  number  of  joint-stock 
industrial  and  investment  associations  to  which  the  name  *  trust '  is  indis- 
criminately applied  ;  but  these  organizations  have  little  or  nothing  in 
common  with  the  all-absorbing,  price-dictating  combinations  which  have 
sprung  into  such  dangerous  prominence  on  the  other  side  of  the  Atlantic. 
All  the  evidence  goes  to  show  that  we  in  England,  at  all  events,  do  en- 
joy, to  whatever  cause  it  may  be  due,  a  substantial  immunity  from  these 
evils  which  are  associated  with  American  industrial  monopolies." 

"  I  do  not  say  there  is  no  tendency  here  toward  commercial  and  indus- 
trial monopolies  and  to  the  substitution  of  amalgamation  for  competition 
in  business.  Such  a  tendency  is  plainly  observable.  The  British  trader 
is  probably  as  anxious  to  control  the  market  as  his  American  rival.  But, 
though  combinations  on  a  larger  scale  have  been  attempted  in  many 
spheres  of  industry,  notably  in  the  bicycle  trade,  and  some  of  the  textile 
trades,  I  am  unable  to  discover  any  case  where  the  prices  of  the  commod- 
ities have  been  appreciably  raised  in  consequence.  1  ought,  perhaps,  to 
make  a  qualification.  At  the  present  time  (January,  1900),  we  are  pay- 
ing exceptionally  high  prices  for  coal,  the  best  Wallsend  (London)  being 
quoted  at  27  shillings  ($6.50)  per  ton  as  compared  with  17s.  6d.  (I4.20) 
this  time  last  year.  The  congestion  of  traffic  on  the  railway  lines  is  the 
excuse  generally  given  for  the  abnormal  rise.  But  there  is  amongst  many 
outsiders  an  uncomfortable  suspicion  that  preconcerted  action  on  the  part 
of  the  colliery  owners  may  have  something  to  do  with  it.     What  effect  a 
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coal  combination  would  have  upon  sober  English  public  opinion  the  fol- 
lowing extract  from  the  "  Spectator"  may  serve  to  show  : 

"  Indeed,  if  there  were  evidence  of  the  probability,  to  say  nothing  of 
the  actual  formation,  of  a  national  syndicate  for  the  control  of  the  coal 
suppl}'  in  this  country,  the  case  for  drastic  intervention  on  the  part  of  the 
state  would  seem  to  us  overwhelming." 

It  seems  to  me  that  the  lesson  that  we  can  learn  is  clear  ^nd  plain. 
We  know  that  we  are  paying  exorbitant  prices  for  trust  products  because 
competition  is  restricted,  and  we  know  that  this  restriction  can  be  re- 
moved. The  danger  which  lies  in  further  restriction,  as  urged  by  some, 
is  something  we  cannot  estimate.  More  legislation  is  always  dangerous, 
repeal  is  always  safe  and  sure ;  the  repeal  of  privilege  is  the  cure  for " 
monopoly. 


Voting  Power  in  Cooperative  Associations— Persons  vs.  Shares. 
By  Edward  T.  Peters,  Washington,  D.  C. 

[abstract.] 

According  to  the  view  of  some  of  the  earlier  advocates  of  cooperation, 
the  feature  by  which  cooperation  is  distinguished  from  other  forms  of 
business  enterprise  is  that  in  the  former  labor  hires  capital,  paying  it  a 
definite  rate  of  interest  and  dividing  the  profits  of  the  business  among  the 
workers  on  the  basis  of  their  comparative  earnings  by  labor  performed  in 
the  cooperative  establishment ;  whereas  in  the  others  capital  hires  labor, 
paying  the  laborers  their  stipulated  wages  and  dividing  the  profits  on  the 
basis  of  capital  invested.  Such  a  test  would,  however,  deny  the  name 
"  cooperative  "  to  many  of  the  most  important  and  effective  of  the  asso- 
ciations, commonly  known  as  cooperative,  by  which  thrift  is  promoted 
among  working  people  through  the  facilities  they  afford  the  latter  for 
contributing  a  part  of  the  capital  used  in  modem  business  and  thus  par- 
ticipating in  its  earnings  in  a  corresponding  measure.  Hence  the  divi- 
sion of  profits  on  the  basis  of  labor  cannot  be  regarded  as  essential  or  as 
fundamentally  important  to  the  cooperative  principle. 

A  more  distinctive  feature  of  cooperative  societies  is  that  of  issuing  their 
stock  in  small  shares,  or  in  shares  purchasable  in  small  instalments,  and 
at  short  intervals  of  time,  so  as  to  place  them  within  the  reach  of  work- 
ing men  and  other  persons  of  small  incomes.  But  the  point  to  which  at- 
tention is  more  p>articularly  called  is  the  practice  very  common  among 
cooperative  associations,  of  allowing  one  vote  to  each  member  without 
regard  to  the  number  of  shares  he  may  hold  in  the  capital  stock.  This  is 
an  effective  means  of  securing  small  shareholders  against  the  fate  which 
often  overtakes  them  in  joint-stock  associations — that  of  being  frozen  out 
by  a  few  of  the  larger  shareholders  who  succeed  in  getting  possession  of 
a  majority  of  the  shares  and  thereby  gaining  control  of  the  business.     In 
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reply  to  the  objection  that  it  is  unfair  to  allow  the  owner  of  a  single  share 
as  much  power  over  the  affairs  of  an  association  as  is  possessed  by  one 
owning  a  considerable  number,  it  may  be  said  that  cooperative  societies 
are  usually  intended  for  people  in  poor  or  very  moderate  circumstances, 
and  therefore,  for  the  most  part,  in  approximately  equal  conditions,  and 
that  if  among  such  people  there  are  some  who  by  greater  ability,  industry, 
or  self-denial  than  are  shown  by  others,  can  save  money  more  rapidly 
than  these,  they  will  the  sooner  advance  beyond  the  stage  for  which  co- 
operative societies  are  more  especially  designed,  and  will  readily  find 
other  channels  in  which  to  use  their  accumulations.  That  they  should 
do  so  is  a  smaller  loss  to  the  cooperative  associations  than  it  would  be  for 
the  latter  to  lose  their  adaptation  to  the  wants  of  the  masses  through  an 
attempt  to  adapt  them  to  the  convenience  of  exceptional  individuals. 

It  would  be  going  too  far  to  lay  down  any  hard  and  fast  rule  and  main- 
tain that  societies  not  observing  it  cannot  properly  be  regarded  as  coopera- 
tive, but  the  "one  man,  one  vote  "  principle  is  nevertheless  especially 
worthy  the  attention  of  those  interested  in  the  advancement  of  coopera- 
tion and  particularly  of  those  concerned  in  the  organization  of  new  coop- 
erative societies. 


The  Mii,k  Supply  of  Cities  and  the  Possibilities  of  its  Improve- 
ment.   By  Raymond  A.  Pearson,  M.S.,  Washington,  D.  C. 

The  business  of  producing  milk  for  use  in  cities  is  one  of  the  many  im- 
portant branches  of  agriculture  which  have  not,  until  comparatively  re- 
cently, received  much  attention  from  scientists.  It  is  in  a  condition 
which  every  one  knows  is  in  need  of  improvement. 

Milk  has  been  singled  out  for  more  or  less  legislation,  both  state  and 
municipal,  and  some  of  the  reasons  why  it  has  received  more  attention  of 
this  kind  than  other  foods,  are  these  :  Its  purity  cannot  be  judged  by  its 
appearance,  which  fact  renders  its  adulteration  or  contamination  without 
detection  by  the  purchaser,  a  simple  matter  ;  it  is  almost  invariably  used 
raw,  thus  making  it  a  vehicle  for  easily  conveying  disease  if  it  happens 
to  have  been  infected,  and  it  is  unnecessary  to  here  refer  to  the  qualities 
which  make  milk  an  exceptionally  favorable  medium  for  the  reception 
and  increase  of  almost  all  kinds  of  bacteria  ;  it  is  often  the  principal  food 
of  the  young  and  the  sick,  and  it  is  of  the  greatest  importance  that  their 
food  should  be  pure.  For  these  reasons  and  others,  laws  and  regulations 
relating  to  the  production  and  sale  of  milk  have  been  enacted  and,  to  a 
certain  extent,  they  have  been  successful  in  their  purpose.  In  a  few 
states  there  are  milk  laws  covering  the  entire  state,  and  their  enforcement 
is  in  charge  of  state  officers,  but  most  of  this  sort  of  legislation  has  been 
left  to  the  larger  cities  ;  milk  ordinances  are  seldom  found  in  small  towns 
where  purchasers  are  personally  acquainted  with  suppliers  and  more  or 
less  familiar  with  their  methods.      But  almost  every  city  and  many  a 
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large  town  in  this  country  has  a  more  or  less  lengthy  set  of  ordinances  on 
the  subject.  . 

It  is  usual  to  prescribe  that  all  milk  offered  for  sale  shall  contain  speci- 
fied percentages  of  total  solids  and  fats,  and  the  amounts  most  often 
named  are  twelve  and  three  respectively.  The  sale  of  skim  milk  may  be 
prohibited,  but  it  is  customary  to  allow  it  under  one  condition, — that  the 
cans  in  which  it  is  carried  shall  be  plainly  marked  with  large  letters, 
**  SKIMMED  MILK."  The  sale  of  unwholesome  or  diseased  milk  is 
sometimes  prohibited  in  general  terms.  Occasionally  we  find  ordinances 
referring  to  the  production  and  care  of  milk  and  stating  in  some  detail 
the  conditions  which  should  be  found  on  dairy  farms ;  they  forbid  the 
use  of  certain  feeds  for  the  milch  cows,  and  require  the  buildings  to  be 
cared  for  and  the  milk  to  be  handled  in  a  careful  manner.  Provisions 
for  the  enforcement  of  the  law  are  almost  always  included,  though  this 
important  feature  is  sometimes  omitted. 

As  the  primary  purpose  of  milk  laws  is  the  protection  of  the  public 
health,  their  execution  is  usually  assigned  to  the  City  Board  of  Health  ; 
in  some  cases  a  special  officer  known  as  the  milk  inspector  is  placed  in 
charge.  Assistant  inspectors  collect  samples  at  irregular  intervals,  vary- 
ing in  length  from  a  few  weeks  to  an  indefinite  period,  from  stores, 
wagons  and  railroad  stations  where  milk  intended  for  sale  is  to  be  found. 
These  samples  are  examined  for  fat  content  and  if  they  are  found  to  con- 
tain less  fat  than  prescribed,  a  warning  or  prosecution  follows.  Thus 
milk  users  are  quite  well  protected  against  fraud  so  far  as  the  compost  lion 
of  milk  is  concerned. 

But  the  sanitary  conditions  under  which  milk  is  produced  are  of  more 
importance  than  its  chemical  composition.  If  cream  is  removed  or  pure 
water  added,  the  only  effect  is  in  reducing  the  food  value,  while  if  milk 
has  been  exposed  to  infection  it  may  easily  become  in  such  condition  that 
its  use  will  endanger  the  health  of  the  consumer.  Outbreaks  of  contagious 
diseases  have  been  traced  to  infected  milk  supply,  and  milk  containing 
no  disease  germs,  but  many  of  the  so-called  harmless  kinds  is  responsible 
for  no  small  share  of  the  ills  which  afflict  the  little  ones  who  have  to  use 
it.  However,  there  are  few  efficient  laws  relating  to  sanitary  conditions 
which  should  obtain  where  milk  is  produced  and  handled,  and  these  few 
are  seldom  well  enforced .  They  are  neglected  for  several  reasons,  and  one  of 
the  most  important  is  that  experience  shows  it  is  much  more  difficult  to 
enforce  laws  relating  to  the  management  of  the  herd  and  care  of  the  milk 
than  a  law  requiring  a  definite  amount  of  fat  or  total  solids  in  milk.  Vio- 
lation of  the  former  is  largely  a  matter  of  opinion,  and  milk  inspectors 
and  dairymen,  and  juries  and  judges  are  liable  to  differ,  while  violation 
of  the  latter  is  a  question  of  fact  and  sufficient  proof  is  easily  furnished 
by  the  chemist.  Therefore,  as  long  as  all  the  time  of  the  inspectors  can, 
as  they  suppose,  be  profitably  spent  in  collecting  samples  for  chemical 
analyses  they  will  likely  do  little  else.  Also,  the  inspection  of  dairy 
farms  requires  considerable  time  and  expense  which  are  important  con- 
siderations when  the  appropriation  is  very  limited  as  is  usually  the  case. 
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In  very  few  places  is  the  attempt  made  to  inspect  all  the  dairies  fur- 
nishing milk  to  a  city.  Sometimes  a  blank  supplied  for  t}ie  purpose  is 
required  to  be  filled  out  and  filed  with  the  city  authorities  before  a  permit 
to  sell  the  milk  from  a  dairy  is  issued  and  the  permit  will  be  withheld  if 
the  statements  furnished  are  not  satisfactory. 

The  Dairy  Division  of  the  Department  of  Agriculture  has  recently  re- 
ceived reports  on  the  supervision  of  the  milk  supply  of  a  large  number  of 
cities  and  towns  and  the  following  data  from  these  reports  are  of  interest 
in  this  connection : 
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These  are  taken  at  random  and  fairly  represent  many  others.  In  a  few 
cases  it  is  reported  that  the  authorities  know  impure  milk  is  being  regu- 
larly sent  into  the  city  and  they  are  powerless  for  one  reason  or  another, 
to  stop  it. 

It  is  hardly  necessary  to  describe  the  conditions  of  the  dairy  farms 
more  than  to  say  there  is  the  greatest  variation  in  them, — some  are  con- 
ducted in  the  best  possible  manner,  while  others  are  so  unsanitary  that 
they  should  not  be  the  source  of  supply  of  a  delicate  and  important  food, 
and  the  milk  consumers  cannot  always  tell  from  which  their  supply 
comes. 

Thus,  briefly,  we  have  some  of  the  principal  facts  as  to  the  present  sys- 
tem of  city  milk  supply.     What  can  be  done  to  improve  it  ? 

No  doubt  much  could  be  done  by  more  strict  laws,  but  their  enforcement 
would  be  only  at  a  large  increase  in  expense,  and  even  with  the  strictest 
laws  there  would  always  be  some  violators,  so  the  many  consumers, 
though  at  less  risk  of  getting  impure  milk,  would  still  be  in  danger  of 
having  it  supplied  to  them. 

The  sterilization,  pasteurization,  filtration  and  other  methods  of  purify- 
ing milk  have  often  been  suggested  and  tried,  but  without  entire  success. 
The  rational  method  is  to  adopt  some  plan,  that  will  cause  the  delivery  in 
cities,  of  pure  natural  milk  which  does  not  need  to  be  subjected  to  special 
treatment  to  overcome  the  result  of  unnecessary  contamination  or  neg- 
lect in  its  production  or  care.  The  scheme  would  necessarily  include  the 
observance  of  all  the  conditions  and  methods  of  handling  milk  which 
modern  science  and  practice  have  shown  to  be  both  necessary  and  prac- 
ticable. 
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As  suggested,  it  would  be  next  to,  if  not  quite,  impossible  to  enforce 
the  universal  adoption  of  such  a  scheme,  but  if  it  were  made  sufficiently 
attractive  some  conscientious  dairymen  and  dealers  (and  there  are  many 
of  them),  could  be  induced  to  adopt  it  formally  as  they  have  already  done 
practically,  receiving  as  a  reward  an  official  certificate  stating  that  the 
management  of  their  dairies  is  approved  and  their  milk  is  handled  in  the 
proper  manner.  The  certificate  would  be  a  valuable  help  in  securing  new 
trade.  In  addition  to  this  the  names  of  "approved  dairies*'  might  be 
occasionally  published. 

This  method  is  a  direct  opposite  of  the  present  method  in  that  it  gives 
prominence  to  the  very  best  instead  of  the  very  worst  and  emphasizes  the 
fact  that  good  milk  is  on  the  market  instead  of  continually  informing 
the  public  that  adulterated  and  impure  milk  is  being  sold.  Therefore, 
instead  of  alarming  milk  consumers  and  decreasing  the  quantity  of  milk 
used  it  would  reassure  them  and  increase  milk  consumption.  The  volun- 
tary feature  is  another  advantage,  no  dairyman  need  enter  into  or  be 
bound  by  the  plan  unless  he  wishes.  Again,  it  makes  it  possible  for  the 
consumer  to  secure  the  best  milk  produced, as  it  gives  reliable  informa- 
tion where  it  can  be  found, — a  question  that  cannot  always  be  decided 
either  by  the  appearance  of  the  milk  or  the  statements  of  the  venders  ;  it 
is  a  fact  in  dairying  as  well  as  in  other  lines  of  business,  that  unscrupu- 
lous persons  sometimes  make  the  same  or  stronger  claims  than  their  hon- 
est competitors  without  having  the  slightest  right  to  them.  But  the  most 
important  advantage  would  be  the  beneficial  elfect  that  a  marked  im- 
provement in  a  few  dairies  would  have  on  the  entire  milk  supply.  This 
is  known  to  be  the  case  where  well  conducted  dairies  are  now  in  opera- 
tion, and  with  their  increase  it  would  be  more  apparent.  The  poorest 
would  be  obliged  to  improve  to  keep  their  trade. 

The  plan  might  be  practically  worked  out  as  follows  :  Let  a  responsible 
body  of  citizens  who  are  interested  in  an  improved  milk  supply  and  have 
the  confidence  of  the  community,  organize  as  a  Milk  Commission.  They 
should  select  and  arrange  to  secure  the  services  of,  when  needed,  four 
experts — a  veterinarian,  a  physician,  a  bacteriologist,  and  a  chemist,  all 
more  or  less  familiar  with  the  conditions  and  possibilities  on  dairy  farms. 
A  circular  should  be  sent  to  each  dairyman  supplying  milk  to  the  city, 
plainly  stating  the  conditions  that  should  be  found  on  every  dairy  farm 
and  announcing  that  any  dairyman  who  will,  conform  to  all  the  condi- 
tions named,  to  the  satisfaction  of  the  commission  (who  will  be  guided 
by  the  experts)  will  receive  an  official  endorsement  which  he  can  use  in 
any  proper  manner  in  securing  new  trade. 

Great  care  should  be  taken  to  have  the  conditions  plainly  expressed. 
They  should  refer  in  unmistakable  terms  to  the  essential's  in  connection 
with  the  herd,  buildings,  equipment  and  methods  of  conducting  the  work 
and  handling  the  milk.  Such  an  expression  as  "  the  stable  shall  be 
well  lighted  "  should  be  avoided  as  it  would  be  understood  differently  by 
different  persons  while  "  there  shall  be  at  least  three  square  feet  of  unob- 
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structed  window  glass  to  each  animal  '*  could  not  be  misunderstood,  and 
all  necessary  conditions  should  be  stated  as  plainly. 

The  personnel  of  the  commission  is,  of  course,  very  important.  It 
might  be  composed  of  any  competent  persons  not  in  the  business  but  in- 
terested in  the  subject.  As  the  changes  needed  are  mainly  along  sani- 
tary lines  and  are  for  the  good  of  the  public  health,  the  medical  profes- 
sion would  naturally  take  a  prominent  part  in  the  movement.  A  repre- 
sentative voluntary  organization  might  be  formed  for  this  purpose,  but  a 
committee  appointed  by  a  board  of  health,  or  a  leading  medical  society, 
would  start  work  under  more  favorable  auspices.  Care  should  be  taken 
to  have  the  efforts  of  the  committee  approved  by  public  opinion. 

The  expenses  incident  to  the  plan,  unless  otherwise  provided  for,  should 
be  met  by  those  deriving  the  pecuniary  benefits.  Doubtless  the  members 
of  the  commission  would  serve  without  remuneration  except  for  actual 
expenses,  but  it  would  be  necessary  to  pay  reasonable  rates  for  the  ser- 
vices of  the  experts  and  the  secretary  of  the  commission.  The  increased 
receipts  from  higher  rates  and  enlarged  trade  should  enable  the  dairymen 
to  pay  fees  for  certificates  that  would  cover  necessary  expenses. 

But  there  are  good  reasons  why  the  scheme  should  be  in  charge  of  pub- 
lic officials  and  the  expenses  paid  from  the  common  treasury.  As  already 
stated,  the  adoption  of  this  plan  would  have  a  decided  effect  in  improv- 
ing the  entire  milk  supply  which  is  the  same  end  toward  which  present 
methods  are  working.  If  the  general  average  condition  of  the  milk  sup- 
ply could  be  improved  more  rapidly  and  with  less  expense  by  encourag- 
ing the  best  class  of  dairymen  than  by  discouraging  the  worst,  there 
would  seem  to  be  sufficient  reason  for  using  some  public  money  in  this 
way. 

It  is  seen  that  the  plan  proposed  is  one  to  encourage  the  so-called  model 
dairies.  It  is  not  entirely  novel.  Modifications  of  it  have  been  given 
thorough  trials  and  have  proved  to  be  successful.  Some  definite  cases 
might  be  given,  suffice  it  to  say,  however,  that  the  principal  features  of 
the  plan  have  been  adopted  at  several  places  and  with  the  best  results. 

More  persons  than  generally  supposed  are  patiently  endeavoring  to 
place  upon  the  market  a  milk  which  is  as  pure  as  can  be  made  and  their 
efforts  have  met  with  less  reward  than  deserved.  They  look  at  the  mat- 
ter in  this  logical  way  :  Pure  milk  is  wanted  ;  it  is  pure  when  the  healthy 
cow  makes  it,  why  should  it  be  allowed  to  become  impure  and  then  sub- 
jected to  some  treatment  in  an  endeavor  to  overcome  the  effects  of  negli- 
gence, when  with  proper  care  it  can  be  kept  pure.  The  standards  of 
these  persons  are  far  above  the  laws  and  regulations.  If  they  are  shown 
that  by  any  reasonable  change  of  methods  or  outlay  of  capital  they  can 
produce  better  milk,  they  are  glad  to  make  the  improvement.  They  are 
trained  in  their  work,  understand  the  main  principles  of  breeding,  feed- 
ing, and  caring  for  milch  cows  and  handling  milk.  From  every  stand- 
point, these  careful  milk  producers  deserve  encouragement.  They  meet 
with  dishonest  competition  and  their  cost  of  operation  is  a  little  more 
than  the  ordinary.     They  should  be  helped  to  secure  trade.     And  this  is 
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not  a  one-sided  argument,  for  many  milk  users  are  as  anxious  to  find  the 
best  dairies  as  the  best  dairies  are  to  find  an  outlet  for  their  product.  The 
plan  proposed  would  serve  both  producers  and  consumers. 


A  Threkfoi^d  Division  of  Government.  Distinction  of  Nationai,, 
State  and  Municipai,  Functions.  By  Henry  Farquhar,  Wash- 
ington, D.  C. 
The  threefold  governmental  division  recognized  by  our  Federal  Con- 
stitution, into  legislative,  executive  and  judicial  branches,  has  been  traced 
to  Montesquieu's  writings  ;  but  it  is,  in  fact,  a  slow  growth  of  experience. 
The  practical  effects  of  this  differentation  have  been,  it  is  generally  be- 
lieved, unmixedly  good.  The  writer  is  convinced  that  equally  salutary 
results  would  follow  from  a  similarly  sharp  separation  of  political  activi- 
ties according  as  they  apply  to  the  general  government,  to  state  govern- 
ment, or  to  the  government  of  municipalities  ;  so  that  no  ofi&cer  of  the 
one  division  should  have  anything  to  do  with  either  of  the  others,  and  no 
party  question  influencing  the  choice  of  such  officer  should  be  admitted 
in  the  choice  of  oflficers  in  the  other  divisions,  elections  being  held  at  dif- 
ferent times,  under  different  management,  and  (if  found  desirable)  on  a 
different  basis  of  suffrage  qualifications.  There  are  good  reasons  for  be- 
lieving that  certain  limitations,  and  perhaps  also  certain  extensions  of 
suffrage  right,  inadmissible  in  elections  of  one  kind  of  ofi&cer,  would  be 
desirable  in  those  of  another  kind.  There  are  very  strong  reasons  for 
believing  that  several  of  the  evils,  now  observable  in  our  laws  and  admin- 
istration, are  to  be  traced  to  the  confusion  of  these  three  governmental 
functions,  and  would  be  cured  by  drawing  a  clear  distinction  among 
them. 


Unempi^oyment  and  Some  of  its  Remedies.  By  Max  West,  Ph.D., 
Washington,  D.  C. 

Unemployment  is  a  serious  evil,  the  main  effects  of  which  are  ( i)  eco- 
nomic loss  to  society  as  a  whole,  (2)  discouragement  and  demoralization 
of  the  unemployed,  and  (3)  disturbance  of  the  labor  market,  placing 
workmen  at  a  disadvantage  in  the  bargaining  process. 

The  fundamental  causes  of  unemployment  are  (i)  under-con  sumption, 
(2)  scarcity  or  timidity  of  capital,  (3)  displacement  of  the  industrially 
unfit,  and  (4)  the  relative  immobility  of  labor,  due  to  {a)  the  expense  of 
moving,  (d)  unwillingness  or  inability  to  change  the  place  of  abode  or 
the  occupation,  and  (c)  lack  of  information  about  opportunies  for  em- 
ployment. 

Among  the  possible  remedies  for  unemployment  are  ( i )  improvement 
in  the  general  well-being  and  a  more  equal  distribution  of  wealth  leading 
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to  increased  consumption,  (2)  public  works,  (3)  manual  and  mental 
training,  resulting  in  greater  adaptability,  (4)  agricultural  colonies  and 
other  devices  tending  to  relieve  the  isolation  and  increase  the  advantages 
of  farm  life,  and  (5)  employment  agencies,  public  and  private. 

Society,  acting  through  government,  should  undertake  to  relieve  un- 
employment by  means  of  useful  public  works,  industrial  education,  and 
public  employment  bureaus. 


Notes  on  Internationai,  Money.    By  J.  H.  Cuntz,  Hoboken,  N.  J. 

A  little  more  than  thirty  years  ago  the  subject  of  international  or  uni- 
versal money  was  receiving  a  great  deal  of  attention,  and  was  being 
widely  discussed.  It  formed  the  topic  of  the  Paris  international  monetary 
convention  of  1867,  and  was  afterwards  inquired  into  at  the  sessions  of 
the  British  Royal  Commission  of  1868.  Plans  were  brought  forward  by 
some  of  the  ablest  economists  of  the  time,  and  many  were  the  argmnents 
for  and  against  the  proposed  systems. 

But  nothing  practical  resulted  from  all  this  discussion,  and  by  the  time 
the  next  international  monetary  convention  was  held,  in  1878,  the  ques- 
tion of  bimetallism  overshadowed  every  other,  as  it  has  done  at  all  subse- 
quent conventions,  and  the  subject  of  universal  money  has  slumbered, 
with  only  occasional  brief  waking  intervals. 

The  present  time,  however,  may  be  an  appropriate  one  for  reviving  the 
long  dormant  question.  Conditions  are  now  favorable  for  establishing 
some  system  of  international  money,  and,  at  the  same  time,  the  benefits 
to  be  derived  from  such  a  system  are  more  clearly  evident  than  ever 
before : 

( 1 )  The  world  is  growing  smaller.  The  nations  of  the  earth  are  com- 
ing into  closer  and  closer  contact,  and  their  various  interrelations  are 
daily  growing  more  complex. 

(2)  International  commerce  is  assuming  vaster  and  vaster  proportions. 
The  United  States  and  the  leading  nations  of  Europe  are  trading  with 
each  other  in  increasing  volume,  and,  at  the  same  time,  are  struggling 
for  supremacy  in  the  markets  of  Asia,  Africa  and  South  America,  and  are 
everywhere  striving  to  open  up  new  fields  for  commercial  operations. 

(3)  The  gold  standard  has  been  adopted  by  the  leading  commercial 
nations  and  affords  a  solid  basis  for  negotiations. 

(4)  The  changes  that  have  been  made  in  national  monetary  systems 
during  the  last  thirty  years  throw  new  light  on  the  subject,  and  furnish 
fresh  data  for  discussion. 

It  may  be  well,  at  this  point,  to  consider  what  are  the  advantages  of 
international  money.  Different  advocates  lay  particular  stress  upon  vari- 
ous points,  but  without  touching  upon  all  of  them,  the  following  bene- 
fits may  be  named  : 

( I )  The  convenience  to  travelers. 
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( 2 )  The  intelligibility  of  foreign  price  lists.  This  would  help  the  read- 
ing public  in  general,  and  would  be  of  special  advantage  to  the  merchant 
engaged  in  foreign  trade  and  to  the  statistician. 

(3)  Simplification  of  foreign  exchange.  The  par  of  exchange  would 
be  100,  or  some  other  round  number.  This  simplicity  would  lessen  the 
call  for  the  services  of  the  exchange  broker  and,  together  with  other  in- 
fluences of  international  money,  would  tend  to  eliminate  him  altogether 
from  the  field  of  foreign  trade. 

(4)  No  recoinage  of  foreign  coins  necessary.  Coins  would  circulate 
in  one  country,  would,  when  required,  be  shipped  to  foreign  countries, 
and  would  then  circulate  there. 

(5)  A  uniform  standard  would  make  easy  the  issue  of  international 
gold  certificates,  which  has  been  proposed  in  a  bill  recently  introduced 
in  Congress.  These  certificates,  expressed  in  terms  of  the  international 
standard ,  would  circulate  freely  in  all  countries,  and  would  be  sent  from 
land  to  land,  and  might  do  away,  to  a  great  extent,  with  the  shipment  of 
gold. 

(6)  But  to  my  mind,  the  strongest  argument  in  favor  of  a  uniform 
system  is  to  be  found  by  assuming,  for  the  moment,  that  the  several 
states  of  this  union  had  as  many  different  monetary  systems.  As  they 
say  in  the  geometries,  this  result  is  absurd.  Such  a  condition  would  now 
be  intolerable. 

And  yet  the  nations  of  the  earth,  particularly  the  progressive  ones,  are 
now  more  closely  related  in  many  ways  than  were  the  different  parts  of 
the  United  States  a  century  ago. 

When  a  uniform  system  of  international  money  has  been  established, 
we  shall  wonder  that  we  so  long  endured  the  present  diversity. 

The  principal  objections  to  changing  established  systems,  which,  to- 
gether with  an  insufficient  appreciation  of  the  advantage  of  uniformity 
and  that  general  inertia  which  opposes  all  change,  have  delayed  the  move- 
ment toward  an  international  system  are : 

( 1 )  The  necessity  for  revising  all  contracts  and  expressing  them  in 
terms  of  the  new  unit. 

(2)  The  expense  and  trouble  of  recoinage. 

These  objections  appear,  perhaps,  more  formidable  than  they  really 
are.  Changes  in  the  unit  amounting  to  only  a  very  few  per  cent  would 
be  hardly  perceptible  in  retail  trade,  where  the  annual  fluctuations  are 
often  greater  than  any  changes  pro})Osed,  and  would  affect  the  mass  of 
the  people  only  indirectly.  It  would  have  to  be  provided,  of  course,  that 
all  existing  contracts  should  be  settled  on  the  old  basis,  and  though  there 
would  be  some  confusion  for  a  time,  affairs  would  soon  be  adjusted  to 
the  new  standard. 

The  recoinage  of  worn  and  uncurrent  pieces  goes  on  from  year  to  year, 
anyway,  together  with  a  great  deal  of  new  coinage,  so  that  the  manufac- 
ture of  international  coins  would  not  entail  so  very  unusual  an  expense, 
and  under  such  a  system  the  melting  down  and  recoinage  of  foreign 
coins  would  be  avoided. 


352  •  SECTION   I. 

The  international  conference  at  Paris  in  1867  recommended  a  simple 
plan,  of  which  the  main  features  were : 

( 1 )  A  uniform  gold  standard. 

(2)  Coins  to  be  of  9/10  fineness. 

(3)  Gold  coins  to  be  multiples  of  5  francs. 

(4)  These  gold  coins  to  circulate  legally  in  the  states  mutually  bound 
by  the  monetary  treaties. 

France  was  to  agree  to  coin  a  25  franc  gold  piece,  to  which  the  British 
sovereign  and  the  United  States  half -eagle  were  to  be  made  exactly  equal. 

At  that  time  the  only  systems  of  importance  enough  to  be  seriously 
considered  were  the  British  and  that  of  the  then  newly-established  Latin 
Union,  with  France  at  its  head. 

The  United  States  was  on  a  paper  basis,  the  German  Empire  was  not 
yet  established,  and  the  other  nations  which  have  since  set  up  orderly 
systems  of  their  own  were  still  in  a  state  of  monetary  confusion. 

The  recommendations  of  the  conference  were  so  reasonable,  that  high 
hopes  were  entertained  of  their  adoption  by  the  leading  nations.  But 
the  time  was  not  yet^pe  for  a  uniform  system. 

However,  in  the  reorganization  of  national  systems  which  has  taken 
place  during  the  past  thirty  years,  two  features  of  the  Paris  plan  have 
been  adopted  : 

( 1 )  The  gold  standand  ;  and 

(2)  9/10  fineness  of  coins. 

But  the  weight  of  the  unit  has  been  determined  by  local  circumstances, 
so  that  the  units  all  differ,  except  those  of  a  few  states  which  have  adopted 
the  system  of  the  Latin  Union. 

We  shall  have  to  pass  over  various  plans  that  were  proposed  in  conse- 
quence of  this  conference  of  1867  and  of  the  inquiry  of  the  British  com- 
mission in  1868,  in  order  to  concentrate  our  attention  on  the  present 
situation. 

As  lias  been  remarked,  all  the  leading  nations  have  adopted  gold  as 
the  standard,  and  all  except  Great  Britain,  which  persistently  clings  to 
the  duodecimal  system,  have  their  gold  coins  9/10  fine,  so  that  the  essen- 
tial points  remaining  in  order  to  secure  international  money  are  : 

( 1 )  Uniformity  in  weight  of  the  units  of  different  countries,  or,  what 
will  answer  the  same  purpose,  exact  and  simple  ratios  between  the 
weights. 

(2)  One  or  more  universal  coins,  of  the  same  weight,  fineness  and 
dimensions. 

I  do  not  lay  any  stress  upon  at  once  making  all  these  units  the  same, 
nor  upon  naming  one  arbitrary  unit,  because  of  the  practical  difficulty  of 
deciding,  a  priori^  which  one  is  best,  and  because  a  process  of  natural 
selection  will  evolve  the  fittest.  What  is  essential  is  to  have  the  ratios 
between  the  units  exact  and  simple. 

Nor  should  I  advise  interfering  with  domestic  systems.  They  can  also 
be  left  to  adjust  themselves  gradually  to  the  new  conditions. 
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We  already  have  approximations  to  a  convenient  universal  coin  in  the 
ones  which  differ  but  slightly  in  weight  and  are  known  as  the  half-eagle, 
the  sovereign,  the  twenty-mark  piece,  etc.,  so  that  the  only  vital  ques- 
tion remaining  is  :  What  shall  be  the  standard  weight  to  which  all  the 
units  shall  bear  simple  ratios  ? 

There  is  here  shown  a  table  of  the  standards  of  all  the  leading  states 
which  are  on  a  gold  basis,  and  for  convenience  of  comparison,  I  have  in 
each  case  taken  such  a  multiple  or  sub-multiple  of  the  national  unit  as 
corresponds  with  the  United  States  dollar. 

The  figures  are  compiled  from  the  1899  Report  of  the  Director  of  the 
Mint. 

Table  Showing  the  Relations  Between  the  Units  of  the  Princi- 
pal Gold  Standard  Countries. 


Country. 


Germany 

France  ( Latin  Union ) 
Great  Britain    1 

and  colonies  ) 

Japan 

United  States   ") 

and  Canada  j 

Netherlands  and ) 

colonies  |  • . .  . 

Austro-Hungary  . . . . . 

Russia 

Scandinavian  Union .  - 
Average 


Number  of 
units  corres-  iGrams  of 
ponding  with  'pure  ^old 

the  contained  t 

United  States    therein.  ^ 
dollar. 


4  marks 

5  francs 

/i  =  4sh. 

2  yens 
$1 

2\  florins 

5  crowns 
2  rubles 
4  crowns 


1.434 
1.452 

1.464 

1.500 

1.505 

1. 512 

1.524 
1.548 
1. 613 
1.506 


Relative  weights. 


505 
grams  = 
100. 


95.3 
96.5 

97.3 

99.7 

100.0 

100.5 

101.3 
102.9 
107.2 


1.5  grams 
=  100. 


95.6 
96.8 

97.6 

lOO.O 

100.3 

100.8 

IOI.6 
103.2 
107.5 


shillings 

=  1464 

grams  = 

100. 


97.9 
99.1 

lOO.O 

102.4 
102.7 

103.2 
104. 1 

105.7 

no.  I 


Average  of  Germany,  France,  Great  Britain  and  United  States  =  1.464 

Average  of  Germany,  France,  Great  Britain,  United  States  and 

Russia =:  1.481 

Average  of  all,  weighted  by  population  and  foreign  commerce  =  1.48 

Average  of  all,  weighted  by  population,  foreign  commerce  and 

coinage =  1.47 

On  examining  the  list,  we  see  that  the  standards  vary  from  1.434  grams 
for  Germany  to  i. 613  grams  for  the  Scandinavian  Union  (comprising 
Denmark,  Sweden  and  Norway). 

The  simple  average  is  1.506,  very  nearly  the  United  States  standard. 

If  we  take  only  the  four  leading  commercial  countries,  the  United 
Kingdom,  the  United  States,  Germany  and  France,  our  average  will  be 
1.464,  almost  exactly  the  British  standard. 

If  to  these  four  we  add  Russia,  the  average  is  1.481. 
23 
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In  taking  weighted  averages,  we  may  consider,  among  other  things  : 
(i)  Population. 

(2)  Amount  of  outstanding  contracts. 

(3)  Amount  of  trade,  domestic  and  foreign. 

(4)  Amount  of  gold  coinage. 

It  is  difficult  to  get  even  a  reliable  estimate  of  the  outstanding  contracts 
in  the  different  countries,  and  the  amount  of  domestic  commerce  is  more 
or  less  a  subject  of  guess  work,  so,  for  the  present,  we  have  weighted  our 
figures  only  with  population,  foreign  commerce  and  gold  coinage,  the 
statistics  being  taken  from  the  latest  issues  of  the  United  States  Statisti- 
cal Abstract,  the  Report  of  the  Director  of  the  Mint,  the  Statesman's  Year 
Book,  and  otlier  sources. 

Taking  population  and  foreign  commerce  into  account,  the  average  for 
all  the  countries  considered  is  about  1.48,  and  by  taking  coinage  also  into 
account  the  average  becomes  about  1.47.  In  arriving  at  this  latter  figure 
we  consider  only  the  coinage  executed  in  the  respective  countries  since 
their  present  systems  went  into  effect,  so  that  Japan  and  Austro-Hungary, 
on  account  of  the  newness  of  their  systems,  cut  no  figure  in  coinage, 
and  Russia  but  little,  relatively. 

The  large  stocks  of  up-to-date  gold  coin  are  held  by  the  "big  four" — 
the  United  States,  France,  Germany  and  Great  Britain. 

But  by  the  time  any  practical  action  is  taken,  Russia,  Japan  and  Austro- 
Hungary  will  have  recoined  their  stocks  of  gold,  and  the  figure  1.47  will 
have  to  be  increased. 

It  is  perhaps  safe  to  assume  that  if  we  took  domestic  commerce  into 
account,  the  United  States  would  have  the  greatest  weight  in  determin- 
ing the  average,  which  would  therefore  be  raised.  It  is  hard  to  estimate 
the  amount  of  outstanding  contracts,  but  here  Great  Britain  would  probably 
have  the  preponderance,  with  the  United  States  second,  and  Germany 
and  France  not  far  behind.  At  any  rate,  an  average  weighted  in  all  the 
ways  I  have  mentioned  would  almost  certainly  not  go  below  the  British 
standard  of  1.464,  and  if  our  object  were  simply  to  arrive  at  a  mathemati- 
cal average  we  could  safely  say  that  it  lay  somewhere  between  the  United 
States  and  the  British  units,  inclusive. 

But  while  we  are  determining  a  standard  weight,  it  would  be  very  de- 
sirable, for  the  sake  of  scientific  uniformity,  if  we  could  make  it  conform 
with  the  metric  system. 

Now  it  happens  that  within  the  limits  we  have  laid  down  for  our  aver- 
age, and  pretty  close  to  the  simple  average  already  determined,  there  is 
the  figure  1.5  grams.  This  is  exactly  twice  the  weight  of  fine  gold  in  one 
of  the  present  national  units,  the  Japanese  yen,  and  is  within  0.3  of  i  per 
cent  of  the  gold  in  the  dollar. 

If  this  weight  of  1.5  grams  (or  an  exact  multiple  or  sub-multiple)  were 
adopted  as  the  standard,  the  dollar  would  contain  exactly  1.5  grams  of 
pure  gold,  the  pound  7.5  grams,  the  franc  and  the  Austro-Hungarian 
crown  0.3  gram,  the  mark  and  the  Scandinavian  crown  0.375  gra™»  the 
ruble  and  the  yen  0.75  gram,  and  the  Dutch  florin  0.6  gram. 
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This,  then,  to  my  mind,  is  the  best  unit.  It  stands  pretty  close  to  the 
simple  average,  but  yet  a  little  on  the  side  which  has  the  weight  of  Brit- 
ain, France  and  Germany.  It  appeals  peculiarly  to  Americans,  for  it 
differs  by  only  0.3  of  i  per  cent  from  our  present  unit,  a  difference  which 
would  be  absolutely  inappreciable  in  retail  trade,  and  which  could  be 
easily  adjusted  in  wholesale  transactions.  Viewed  as  a  practical  question, 
where  any  decision  would  of  necessity  be  a  compromise,  the  different 
nations  would  be  more  ready  to  agree  on  a  unit  having  the  scientific  pres- 
tige of  the  metric  system  than  on  one  already  the  standard  of  a  commer- 
cial rival. 

Other  columns  of  my  table  show  the  relative  weights  of  the  various 
national  units,  when  (i)  |i  (=  1.505  grams)  is  taken  as  100;  (2)  1.5 
grams  is  taken  as  100;  and  (3)  ^^  (=4  shillings—  1.464  grams)  is 
taken  as  100. 

The  system  proposed  is  the  following,  it  being  understood,  of  course, 
that  if  any  changes  are  made  in  a  nation's  standard  of  value,  all  existing 
contracts  are  to  be  settled  on  the  old  basis  : 

( 1 )  Adopt  as  an  international  standard  a  definite  weight  of  fine  gold 
somewhere  between  the  present  weight  of  the  gold  in  a  dollar  and  one- 
fifth  of  that  in  a  pound  sterling,  preferably  1.5  grams. 

(2)  Have  an  international  coin  containing  exactly  five  times  this  weight 
of  fine  gold,  or  7.5  grams ;  with,  possibly,  a  second  international  coin 
just  twice  the  weight  of  the  first,  containing  15  grams  of  fine  gold. 

These  coins,  in  terms  of  the  present  national  units,  are  shown  in  the 
accompanying  list.  The  pieces  marked  with  a  star  are  at  present  legal- 
ized, so  that  the  corresponding  new  coins  would  be  familiar  in  most 
countries. 

These  are  the  two  essential  points.     A  few  minor  features  are  : 

(3)  Coins  to  be  9/10  fine. 

This  is  already  the  case  in  all  the  countries  considered  except  Great 
Britain. 

(4)  Coins  to  be  of  the  same  diameter,  thickness  and  general  appear- 
ance, but  each  nation  may  have  its  own  "  image  and  superscription." 

(5)  Mint  charges,  '*  remedy  "  and  "limit  of  tolerance "  to  be  uniform. 

(6)  In  order  to  assure  entire  freedom  of  circulation  to  these  interna- 
tional coins,  they  might  be  made  freely  receivable  by  the  governments 
and  national  banks  of  all  the  countries,  parties  to  the  agreement. 


356 


SECTION   I. 

Proposed  System. 


Country. 


iWeight  of  pure 

Sold  in  na- 
onal  unit 


(in  g^rams). 


Germany |  0.375 

France  (Latin  Union) 0.3 

Great  Britain |  7.5 

Japan j  0.75 

Un  ited  States  and  Canada . .  1  1.5 

Netherlands ■  0.6 

Austro-Hungary '  0.3 

Russia I  0.75 

Scandinavian  Union !  0.375 


Name  of  na- 
tional unit. 


Number  of  national 

units  in  international 

coins. 


mark 

franc 

pound 

yen 

dollar 

florin 

crown 

ruble 

crown 


20*  and  40 

25 

[♦ 
10* 

5* 

I2>^ 

25 

10* 

20» 


50* 
2* 
20» 
ID* 
25 
50 
20 
40 


Municipal  Pouticai,  Parties.    By  Milo  Roy  Maltbie,  Ph.D.,  New 
York. 

The  prominent  part  played  by  the  political  party  in  municipal  affairs 
makes  its  consideration  essential  to  every  scheme  for  the  perfection  of 
government.  In  democratic  governments  particularly,  where  the  will  of 
the  majority  is  the  sovereign  power,  the  party  is  of  primary  importance, 
for  it  is  the  principal  instrumentality  by  which  the  popular  will  is  ex- 
pressed. If  the  party  system  is  imperfect,  a  minority  may  govern  ;  thus 
not  only  doing  an  injustice  but  casting  reproach  upon  democracy  itself. 
The  problem  is,  then :  How  may  parties  be  so  constituted  as  to  permit  the 
fullest,  the  freest  and  the  most  accurate  expression  of  public  opinion  ? 

As  applied  to  present  municipal  conditions  in  the  United  States,  four 
solutions  have  been  offered  : 

(i)  The  abolition  of  all  parties  in  municipal  politics. 

( 2  )  The  creation  of  independent  municipal  f)arties  ;  that  is,  parties  pre- 
senting policies  upon  municipal  questions  only. 

(3)  The  preservation  of  the  status  quo, 

(4)  The  adoption  by  the  national  parties  of  municipal  programs  in 
municipal  matters,  with  the  introduction  of  such  changes  as  will  cause 
parties  to  become  the  exponents  of  live  and  pertinent  principles,  rather 
than  of  dead  and  irrelevant  issues  or  personal  affiliations. 

Assuming  that  the  present  position  of  the  party  in  municipal  politics  is 
not  what  it  should  be.  that  to  some  extent  it  obstructs  efficient  city  govern- 
ment, that  il  prevents  the  complete  expression  of  the  popular  will  and 
that  some  change  is  imperative,  let  us  proceed  to  discuss  the  first  solution 
proposed. 

analysis  of  the  party. 

The  advocacy  of  the  abolition  of  all  parties  in  municipal  politics  is  due 
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primarily  to  the  failure  to  analyze  the  function  of  the  party  carefully. 
What  then  is  a  political  party  ?  What  are  the  conditions  which  call  it  into 
being  ?  What  are  the  elements  which  give  it  strength  ?  In  the  first  place, 
parties  everywhere  exist  because  of  the  increased  power  of  combined 
forces,  or  stated  more  plainly,  because  a  body  of  men  holding  similar 
views  and  having  similar  purposes  can  accomplish  more  by  united  action 
than  by  individual  effort.  Organized  bodies  always  accomplish  much  more 
than  disorganized  bodies.  Armies  are  vastly  superior  to  mobs.  Thus,  if 
a  city  suddenly  were  to  spring  into  life,  with  citizens  of  the  very  highest 
ability  and  integrity,  parties  would  immediately  be  formed.  A  coterie  of 
persons  would  soon  find  that  they  agreed  upon  certain  principles  of  gov- 
ernment and  that  other  persons  disagreed  with  them.  In  order  to  carry 
out  their  program,  they  would  immediately  organize  a  political  party. 
Why  ?  Because  they  would  realize  the  advantages  of  organization.  No  one 
would  question  the  wisdom  of  their  action. 

If  this  analysis  is  correct,  one  may  expect  that  as  the  ability  to  act  in 
harmony  increases  and  is  more  generally  utilized,  parties  will  become  more 
effective  and  more  strongly  entrenched.  Such  indeed  has  been  the  course 
of  history.  When  the  power  to  subordinate  individual  tastes  and  prefer- 
ences, and  to  exercise  that  mutual  forbearance  which  makes  society  in  its 
highest  development  most  enjoyable,  was  weak  and  but  slightly  devel- 
oped, the  only  form  of  political  association  was  the  clique  or  the  clan. 
Even  now,  Italy  has  not  passed  this  stage  of  development.  The  Italian 
is  incapable  of  political  cooperation  as  manifested  in  the  party  idea,  and 
instead  of  clinging  to  some  principle  or  associating  himself  with  others 
who  believe  in  a  common  idea,  he  worships  at  the  shrine  of  some  patron. 

As  political  ability  has  increased,  parties  have  developed,  and  where  it 
has  reached  its  highest  development,  the  party  system  is  the  most  perfect 
and  the  most  efficient.  Thus,  although  the  party  system  is  not  the  result 
or  cause  of  progressing  civilization,  it  is  infallibly  connected  with  it,  and 
is  almost  invariably  a  true  index  of  the  stage  which  civilization  has 
reached. 

The  increased  power  of  combined  action  does  not  of  itself  cause  the  for- 
mation of  parties.  There  must  be  also  differences  of  opinion.  Otherwise, 
the  expression  of  the  popular  will  proceeds  without  extended  discussion, 
and  without  the  organization  of  the  adherents  of  opposing  ideas.  This  is 
so  patent  that  it  needs  no  discussion. 

The  party  is  differentiated  from  other  political  phenomena  also  by  the 
character  of  its  purpose.  It  aims  to  secure  recognition  by  the  govern- 
mental authorities  of  the  idea  or  ideas  which  it  represents.  This  is  usually 
brought  about  by  the  election  of  officials,  and  hence  the  nomination  of 
candidates  is  a  most  important  activity  ;  even  to  the  extent  that  an  or- 
ganization which  does  not  make  nominations  is  often  denied  the  title  of 
party.  It  is  not,  however,  an  essential  element,  for  where  direct  legisla- 
tion is  in  vogue  there  may  be  the  same  united  action,  the  same  organized 
effort  to  promulgate  political  ideas  that  exists  where  governmental  action 
can  be  influenced  only  through  the  election  of  officials. 
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THE  PARTY — A  PERMANENT  INSTITUTION. 

If  such  is  the  function  of  parties,  the  suggestion  that  they  be  abolished 
is  idle  and  almost  frivolous,  for  the  factors  which  have  brought  them  into 
being  are  permanent,  not  temporary.  Differences  of  opinion  concerning 
municipal  affairs  will  continue  to  exist,  and  so  long  as  they  do,  adherents 
will  labor  to  have  governments  conducted  according  to  their  ideas.  It 
seems  certain  also  that  political  capacity  will  not  decrease,  and  that  con- 
certed action  will  be  always  more  effective  than  individual  effort.  When 
a  more  effective  method  has  been  devised  for  the  promulgation  of  ideas, 
and  the  expression  of  the  popular  will,  parties  may  cease  to  exist;  but 
until  then,  the  universal  party-system  is  destined  to  persist,  though 
modified  undoubtedly  in  certain  respects. 

Indeed,  it  seems  likely  that  it  will  become  more  firmly  entrenched,  for 
with  the  growth  of  large  cities  formal  cooperation  in  all  lines  becomes 
more  and  more  necessary.  In  the  small  village,  questions  arise,  such  as 
license,  an  additional  road-tax,  better  school  accommodation,  etc.,  and  im- 
mediately a  difference  of  opinion  is  manifest.  But  no  elaborate  party 
machinery  is  necessary  because  the  small  number  of  voters  permits  full 
discussion,  and  because  the  opinion  of  each  person  is  generally  known. 
In  the  large  city  this  is  impossible.  The  problems  are  more  complex. 
The  voters  are  not  so  familiar  with  every  detail.  There  is  no  open  forum 
like  the  corner  grocery  where  all  may  meet  and  discuss  affairs.  Numbers 
have  so  increased  that  the  free  and  easy  methods  of  the  village  not  only 
are  inadequate  but  positively  pernicious,  as  they  foster  dishonest  and  cor- 
rupt methods.  As  a  result  of  this  vast  difference  between  rural  and  urban 
conditions,  parties  in  cities  have  developed  an  elaborate  organization, 
have  come  to  play  a  more  and  more  prominent  part  in  municipal  politics, 
and  recently  their  action  has  been  increasingly  regulated  by  law.  The 
need  for  more  systematic  action  had  wonderfully  increased.  The  party 
was  the  most  efficient  instrument,  and  the  effect  of  the  changed  condi- 
tions was  most  manifest  in  urban  centers.  If  cities  continue  to  grow  in 
size  and  population,  this  demand  will  still  further  increase,  and  instead  of 
growing  weaker,  the  party  idea  will  grow  stronger. 

This  is  supported  by  conditions  everywhere.  Political  parties  are  no- 
where on  the  wane.  Kvery  city  of  the  civilized  world  has  political  parties. 
Vienna's  recent  election  was  mainly  a  three-cornered  fight  between  the 
Semites,  the  .\nti-Semites  and  the  Socialists.  Paris  has  her  Nationalists, 
her  Republicans,  and  her  Socialists.  Berlin's  most  important  parties  are 
the  Social  Democrats  and  the  various  wings  of  die  Freisinnige .  Ix)ndon 
is  ruled  by  either  the  Moderates  or  the  Progressives.  American  cities  of 
course  confirm  the  statement.  Even  the  small  town  which  claims  to 
select  its  officials  upon  a  non-partisan  basis  possesses  political  organiza- 
tions of  some  sort.  Party  lines  are  not  always  drawn  with  the  same 
degree  of  distinctness,  and  all  cities  do  not  have  equally  vigorous  parties. 
But  the  party  idea  is  practically  universal,  and  cities  that  seem  to  be  ex- 
ceptions to  this  rule  are  often  merely  passing  through  a  transitional  stage 
where  party  lines  are  being  redrawn. 
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MUNICIPAL  PARTIES  DO  NOT  EXIST. 

Assuming  then,  that  parties  of  some  sort  will  continue  to  exist,  the 
question  next  to  be  considered  is :  What  will  be  their  nature  and  what 
should  be  the  attitude  of  the  citizen  towards  them  ?  This  brings  us  to  the 
second  solution  mentioned,  z/f>. ,  the  creation  of  independent  municipal 
parties  ;  parties  which  present  programs  relating  to  municipal  questions 
only  and  which  play  no  part  in  national  or  state  politics. 

This  solution  is  supported  usually  upon  the  theory  that  municipal 
problems  have  no  relation  to  national  problems,  that  there  is  no  free  trade 
way  of  conducting  a  fire  department,  that  the  free  coinage  of  silver  has 
nothing  to  do  with  the  water  supply,  and  that  the  annexation  of  suburban 
villages  does  not  involve  the  question  of  imperialism.  Apparently,  there 
is  much  truth  in  this  statement.  It  does  seem  that  the  wisest  decision  of 
any  problem  would  result  from  the  consideration  of  those  factors  and 
only  those  factors  that  influence  that  problem. 

However,  the  creation  of  exclusively  municipal  parties  is  rather  discoun- 
tenanced by  the  fact  that  such  parties  do  not  exist,  except  in  a  very  few 
exceptional  instances,  and  that  they  have  always  been  subject  to  exceed- 
ingly high  death  rate.  Notwithstanding  the  impression  given  by  a  few 
•writers  upon  city  affairs,  it  is  true  nevertheless  that  with  scarcely  an  ex- 
ception municipal  elections  in  all  cities  are  fought  out  not  between  purely 
local  or  municipal  parties  but  between  the  local  branches  of  the  national 
parties.  In  Hungary,  owing  principally  to  peculiar  conditions  in  the 
federal  government,^  there  is  but  one  large  party,  and  consequently  muni- 
cipal parties  have  sprung  up.  But  even  then,  other  than  local  issues  de- 
cide elections,  so  that  even  Hungary  is  not  entirely  an  exception. 
Further,  similar  conditions  can  hardly  exist  in  any  other  country.  In 
Italy,  the  national  parties  are  the  outgrowth  of  local  jealousies  and  the  in- 
triguing of  cliques  devoted  to  some  patron,  and  are  not  parties  in  the 
proper  sense ;  and  even  there  such  national  parties  as  do  exist  play  a  very 
important  part  in  municipal  politics.  In  France  and  Germany,  parties 
are  upon  a  somewhat  higher  plane  than  in  Italy,  but  nowhere  does  one 
find  distinctively  municipal  parties.  There  are  '*  parties"  whose  interests 
are  local  or  self-centered,  but  a  party  whose  policy  deals  with  municipal 
problems,  whose  field  is  confined  to  one  city  and  which  avoids  national 
politics,  does  not  exist  upon  the  continent. 

PARTIES  IN  ENGLISH  TOWNS. 

Even  England,  despite  current  statements,  has  not  eliminated  the 
national  parties.  Whenever  a  member  of  the  town  council  is  to  be  elected, 
the  Liberals  and  the  Conservatives,  and  perhaps  the  Independent  Labor 
Party  or  the  Liberal  Unionists,  nominate  candidates,  unless  one  party  is 
so  hopelessly  in  the  majority  that  there  is  no  probability  of  any  other 
winning.  Then  only  one  candidate  is  nominated,  and  he  by  the  party  in 
control.  This  is  due  not  to  a  feeling  that  the  national  parties  ought  not 
to  nominate  candidates,  but  to  the  fact  that  election  expenses  are  heavy, 
1  See  Lowell :  Governments  and  /Arties  in  Continental  Europe. 
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and  that  the  candidate  has  to  pay  them,  which  he  is  very  lo^th  to  do 
when  he  sees  almost  certain  defeat  ahead.  Indeed,  local  elections  are 
watched  as  with  us  for  clues  as  to  how  the  country  stands  upon  national 
politics.  It  is  not  uncommon  to  see  lists  of  mayors  printed  shortly  after 
elections  stating  the  politics  of  each.  In  short  the  national  parties  do  take 
a  hand  in  English  municipal  politics. 

The  difference  between  English  and  American  municipal  politics  ap- 
pears when  councilmen  come  up  for  reelection.  The  question  of  retire- 
ment or  return  to  the  council  is  determined  largely  by  their  records  as 
officials  and  not  by  their  positions  upon  national  political  problems.  It 
is  to  be  said,  however,  that  the  Liberals  are  inclined  to  vote  for  men  who 
favor  extending  municipal  activity,  which  is  in  line  with  their  attitude 
upon  certain  national  questions ;  while  the  Conservatives  oppose  the  ex- 
tending of  municipal  functions,  as  might  be  expected.  But  not  infre- 
quently a  town  is  Liberal  in  local  and  Conservative  in  national  politics, 
which  is  due  largely  to  the  existence  of  a  considerable  number  of  inde- 
pendent voters,  who  are  not  rigidly  bound  by  party  ties.  In  brief,  the 
characteristic  feature  of  English  municipal  politics  is  not  in  the  parties 
themselves,  there  are  no  municipal  parties,  but  rather  in  the  larger  num- 
ber of  indejjendent  voters,  the  disregard  of  former  party  affiliations  when* 
they  conflict  with  principles  and  the  supreme  disgust  for  the  spoils  idea 
which  can  not  get  a  foothold. 

The  only  apparent  exception  is  London,  and  as  it  is  predicted  that  its 
example  will  be  followed  generally,  it  deserves  more  careful  notice.  In 
1888,  when  the  London  County  Council  was  established  and  the  first  elec- 
tion held,  the  voters  divided  upon  the  question  of  the  extension  or  the 
non-extension  of  municipal  functions.  Those  favoring  a  more  or  less  so- 
cialistic program  came  to  be  known  as  Progressives,  those  opposing  as  Mod- 
erates. Somewhat  the  same  line  divides  the  Liberals  from  the  Conserva- 
tives, whereas  London  is  Conservative  in  national  politics,  it  is  Progres- 
sive on  local  questions.  Almost  from  the  start  the  Conservatives  wished 
to  control  county  council  elections,  and  would  have  taken  the  Moderate 
party  under  their  wing,  were  it  not  that  the  Moderate  leaders  managed 
campaigns  so  inefficiently,  allowing  the  Progressives  to  drive  them  into  a 
bad  position,  that  the  Conservatives  did  not  wish  to  weaken  their  hold  by 
championing  an  unpopular  cause.  The  Liberals,  upon  the  other  hand, 
wanted  to  bag  the  Progressive  party,  but  the  Progressives  opposed  the 
scheme  fearing  that  an  alliance  would  lead  many  to  forsake  them,  owing 
to  the  superior  importance  attached  to  national  questions.  Now  it  is  evi- 
dent that  the  same  fortuitous  circumstances  will  probably  not  appear 
elsewhere,  and  consequently  the  formation  of  similar  municipal  parties  is 
not  likely  to  be  followed  generally.  Further,  the  plan  does  not  seem  to 
have  been  productive  of  better  results  than  those  that  obtain  in  other 
English  towns. 

INDEPENDENT  MOVEMENTS  IN  THE  UNITED  STATES. 

Independent  municipal  parties  are  not   unknown   to  American  cities. 
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Tammany  Hall  meets  the  requirements  as  nearly  as  any  party  that  has 
maintained  an  existence  any  length  of  time.  It  has  repeatedly  sacrificed 
the  national  ticket  for  its  own  benefit  and  is  always  regular,  only  because 
it  wishes  to  catch  the  entire  Democratic  vote.  Yet  it  is  more  frequently 
and  more  vigorously  condemned  than  any  party  that  ever  existed.  The 
reform  parties  which  have  sprung  up  from  time  to  time  are  truly  inde- 
pendent municipal  parties,  but  scarcely  one  has  been  able  to  survive  two 
successive  elections.  The  reasons  are  perfectly  obvious.  Reform  move- 
ments usually  have  been  destructive  agencies.  They  have  sought  to  tear 
down,  to  overturn,  to  oust.  This  plan  works  very  well  the  first  time  it 
is  tried,  as  spasmodic  revivals  of  civic  righteousness  show.  The  malcon- 
tents willingly  unite  because  they  have  a  common  purpose.  But  once 
successful,  they  break  up  into  factions  and  disruption  follows  because 
their  immediate  purpose  has  been  accomplished  and  there  is  no  motive 
power  to  take  its  place.  As  the  party  in  power,  the  reformers  must  act, 
but  a  constructive  policy  has  not  been  agreed  upon.  Each  clique  insists 
upon  its  own  dogma  and  will  not  subscribe  to  any  other  principle.  Even 
the  city  officials  placed  in  office  by  the  reform  movement  cast  discredit 
upon  it  by  following  their  individual  or  clique  ideas  instead  of  acting  in 
harmony.  Oil  and  water  may  seem  to  have  formed  a  chemical  union  as 
long  as  in  rapid  motion,  but  when  the  disturbing  influence  has  been  re- 
moved, they  are  as  distinct  and  irreconcilable  as  ever.  Thus,  reform  par- 
ties break  up  and  the  second  election  finds  their  following  dissipated  and 
a  party  with  a  working  principle  in  control. 

This  analysis  suggests  a  remedy,  viz. ,  the  formation  of  a  reform  party 
with  a  constructive  principle  as  a  basis.  But  now  other  difficulties  appear, 
which  not  only  go  to  show  further  why  reform  parties  have  failed,  but 
why  new  parties  and  esjjecially  independent  municipal  parties  are  doomed 
to  almost  certain  failure.  New  parties,  no  matter  what  their  principles, 
are  at  a  decided  disadvantage.  Time  is  required  to  perfect  an  efficient  or- 
ganization and  secure  a  constituency.  The  voters  hesitate  to  give  their 
support  to  what  is  new  and  untried.  The  old  party  has  a  history  to  which 
many  cling,  even  after  the  spirit  which  gave  it  life  has  departed.  Issues 
are  decided,  but  men  continue  to  vote  as  if  these  issues  were  still  unde- 
cided. Party  lines  tend  to  jjetrify,  audit  is  only  when  several  years  have 
passed  or  when  some  vital  question  disrupts  all  ties,  that  men  disregard 
dead  issues  and  vote  as  the  problems  now  dominant  appeal  to  them.  A 
new  alignment  may  even  cause  party  names  to  represent  ideas  almost  an- 
tagonistic to  those  which  they  formerly  represented,  but  many  continue 
to  vote  for  the  name  nevertheless.  In  the  heat  of  the  strife,  ultimate  ob- 
jects are  lost  sight  of  in  the  desire  to  win. 

DIFFICULTIES  CONFRONTING  MUNICIPAL   PARTIES. 

These  difficulties  are  in  the  main  temporary.  They  confront  every  new 
party  and  are  not  insurmountable.  When  a  party  manifests  considerable 
vitality,  they  can  be  and  have  been  overcome.  There  are  others,  how- 
ever, which  are  not  temporary  but  permanent,  which  apply  to  municipal 
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parties  only,  and  which  are  of  such  importance  as  to  deserve  careful  con- 
sideration. In  the  first  place,  national  and  state  politics  overshadow  mu- 
nicipal politics  and  probably  will  continue  to  do  so  for  some  time  at  least. 
If  our  analysis  of  the  party  idea  is  correct,  we  may  also  assimie  that 
national  parties  will  continue  to  exist.  Now  the  advantages  to  these  par- 
ties through  taking  a  hand  in  municipal  politics  are  very  great.  It  helps 
to  keep  the  party  organization  in  running  order  and  the  party  followers 
from  dropping  away,  which  very  largely  accounts  for  the  fact  that  in  no 
country  are  there  distinct  parties  for  each  class  of  issues. 

In  the  second  place,  the  increasing  percentage  of  persons  living  in 
cities  makes  it  more  and  more  important  to  the  success  of  a  party  that  it 
control  the  cities,  and  to  accomplish  this,  it  must  play  an  impottant  part 
in  municipal  politics. 

Further,  there  is  often  much  similarity  between  national  and  municipal 
issues.  It  is  true  that  many  questions  which  relate  to  the  organization 
of  the  city  departments  and  their  administration  have  nothing  in  common 
with  national  issues,  but  the  fimdamenta]  difference  between  national 
parties  is  the  view  taken  of  governmental  action,  whether  it  should  be 
large  or  small,  and  this  is  coming  to  be  one  of  the  most  important  prob- 
lems in  municipal  matters.  When  questions  arise  in  municipal  govern- 
ment that  call  into  action  the  same  ideas  that  are  applied  to  national  ques- 
tions, national  parties  are  going  to  take  issue,  and  it  is  perfectly  natural 
that  they  should. 

Finally,  under  our  present  system  of  legislative  interference  in  munic- 
ipal matters,  local  questions  are  settled  at  the  state  capitol,  and  in  order 
to  carry  out  local  policies,  members  of  the  state  legislature  must  be 
elected.  This  means  that  local  parties  must  enter  state  politics,  the  very 
thing  the  independent  municipal  party  is  supposed  not  to  do.  This  was 
most  forcibly  illustrated  two  years  ago  when  the  Citizens'  Union  found 
itself  between  the  horns  of  a  dilemma.  The  party  men  accused  it  of  in- 
consistency for  proposing  to  nominate  candidates  for  assembly  and  senate. 
But  its  own  members  found  it  impossible  to  carry  out  their  ideas  without 
controlling  the  legislature. 

Our  conclusion  is,  therefore,  that  indejjendent  municipal  parties  are 
confronted  with  almost  insurmountable  difficulties,  and  that  for  the  pres- 
ent it  is  useless  to  discuss  the  advisability  of  establishing  them,  espe- 
cially as  there  is  another  plan  almost  as  eflScient  which  obviates  all  of  the 
objections  just  mentioned. 

THE  TRUE  POSITION  OF  THE  PARTY. 

This  brings  us  to  the  fourth  and  last  suggestion,  mz.y  the  adoption  by 
the  national  parties  of  municipal  programs — the  announcement  of  their 
position  upon  municipal  questions.  This  is,  I  believe,  the  true  position  of 
the  party  in  municipal  politics.  At  least  it  is  the  best  solution  attainable 
in  the  near  future.  Already  the  trend  is  in  this  direction.  Party  plat- 
forms make  more  reference  to  local  questions  than  formerly.  The  voter 
is  not  so  content  to  vote  the  same  ticket  in  municipal  as  in  national  elec- 
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tions.  He  insists  upon  knowing  what  the  party's  position  is  upon  local 
questions,  and  if  he  does  not  endorse  it,  he  votes  for  another  party. 

This  trend  is  perfectly  logical.  The  advantages  to  the  national  parties, 
as  pointed  out,  are  too  great  for  them  to  withdraw  from  municipal  con- 
tests. They  are  determined  to  remain,  not  so  much  perhaps  because  the 
ideas  they  represent  are  involved,  but  because  by  so  doing  the  party  is 
kept  united.  It  matters  little,  therefore,  what  the  principle  is  that  the 
party  adopts,  if  only  one  is  adopted  and  used  as  a  rallying  point.  The  party 
will  not,  however,  formulate  a  policy  that  will  not  gain  Support,  or  one 
that  it  does  not  believe  will  gain  support.  But  the  desire  to  secure  votes 
is  just  as  strong  as  ever  and  no  injury  is  done  by  following  this  course  to 
the  theor\'  of  party  responsibility.  The  only  instances  when  this  course 
will  not  be  followed  are  those  in  which  national  and  state  politics  are 
closely  related  to  municipal  issues.  Then,  the  national  parties  will  not 
refrain  from  taking  a  hand  in  local  elections,  and  no  one  has  argued  that 
they  should.  Thus,  the  plan  proposed  has  all  of  the  advantages  of  an  in- 
dependent municipal  party  system  and  none  of  its  impracticability,  for 
exclusively  municipal  problems  are  determined  only  by  the  principles  ap- 
plicable to  municipal  affairs. 

Although  this  is  the  normal  course,  it  is  not  to  be  concluded  that  inde- 
pendent movements  should  never  be  inaugurated.  They  often  serve  a  most 
useful  purpose  and  are  occasionally  necessary  to  arouse  the  old  parties  and 
make  them  realize  the  existence  of  new  conditions.  But  what  is  wanted 
is  not  so  much  the  independent  party  as  the  independent  man  ;  the  man 
who  has  high  ideals  and  yet  an  accurate  estimate  of  how  rapidly  progress 
can  be  made  ;  the  man  who  will  abandon  any  party  the  moment  it  ceases 
to  represent  his  ideas  ;  the  man  who  applauds  virtue,  honesty  and  effi- 
ciency wherever  he  finds  it.  The  larger  the  proportion  of  such  men,  the 
more  nearly  perfect  will  democratic  governments  become.  The  smaller 
the  proportion,  the  less  will  principles  be  considered,  the  more  sluggish 
and  irresponsible  will  parties  become,  and  the  more  frequently  will  they 
fail  to  express  popular  will. 

SUGGESTIONS  FOR  PERFECTION  OF  PARTY  SYSTEM. 

The  number  of  independent  voters  may  be  increased  in  two  ways  :  By 
raising  the  standard  of  civic  morality  and  by  alterations  in  our  govern- 
mental system.  The  former  needs  no  elucidation  ;  its  importance  is  well 
recognized.     The  latter  call  for  consideration  in  detail.     They  are  : 

/.  Separation  of  Municipal  from  State  and  National  Elections. — The 
tendency  to  vote  a  "straight  ticket,**  to  neglect  to  differentiate  local  from 
national  questions,  is  very  strong.  But  where  municipal  elections  are 
separate,  not  only  is  it  made  much  easier  for  the  voter  to  express  his 
opinions,  as  the  issues  have  been  differentiated  for  him,  but  experience 
shows  that  the  actual  number  of  independent  voters  is  larger  and  that 
more  vote  as  their  opinions  dictate. 

2.  Scarcely  less  important  is  the  decrease  in  the  number  of  elective  offi- 
cers,— It  is  practically  impossible  for  the  average  voter  to  examine  a  long 
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list  of  candidates  for  many  oflSces.  But  where  the  offices  are  few  in  num- 
ber, he  can  and  does  consider  the  candidates  more  carefully,  and  his  se- 
lection is  far  better.  A  large  number  of  elective  officers  is  not  only  most 
delusive,  but  makes  imperative  the  shifting  of  responsibility  from  the 
voter  to  some  irresponsible  leader  or  boss. 

J.  Facilitation  of  independent  nominations. — A  principal  reason  why 
voters  are  not  more  independent  is  that  their  views  are  often  not  repre- 
sented by  any  party  and  consequently  they  are  obliged  to  choose  between 
parties  to  them,  equally  bad.  Naturally,  they  vote  carelessly  and  largely 
from  habit.  If  it  is  easy  to  nominate  candidates,  the  tendency  is  not  so 
much  to  increase  parties  and  candidates,  as  to  induce  the  parties  to  con- 
sider the  wishes  of  the  independents  before  making  nominations  and  be- 
fore formulating  the  party  principles.  This  is  the  more  beneficial  and 
desirable  result. 

4.  Perfection  of  the  party  system. — The  party  was  originally  an  extra 
legal  organization.  Gradually  it  came  to  be  regulated  by  law,  until  now 
the  statutes  are  numerous  and  contain  detailed  specifications.  The  re- 
sult is  the  growing  participation  in  party  action  of  the  better  class  of 
citizens.  As  the  party  system  is  more  and  more  perfected,  and  as  it  be- 
comes a  more  efficient  agency  for  expressing  the  popular  will,  the  num- 
ber of  independent  voters  will  increase.  Changes  should  be  made  par- 
ticularly in  the  direction  of  permitting  voters  to  support  different  parties 
at  different  elections  without  being  barred  from  both  by  so  doing. 

5.  Extension  of  the  referendum. — There  are  so  many  questions  usually 
involved  in  any  election  and  so  rarely  is  any  one  preeminent,  that  it  is 
almost  impossible  definitely  to  say  what  position  the  majority  of  the 
voters  have  taken.  Perhaps  the  voter  finds  no  party  that  represents  his 
views  completely,  and  is  obliged  to  select  the  one  which  most  nearly  rep- 
resents them  and  which  probably  will  accomplish  the  most  in  furthering 
them.  Now  very  frequently  there  are  a  few  plain  questions  which  call 
for  a  simple  answer.  The  expression  of  the  popular  will  would  be  made 
much  easier ^nd  more  definitely  expressed  if  these  were  submitted  di- 
rectly to  the  voters. 

Of  course,  intricate  questions,  which  call  for  intimate  acquaintance 
with  the  administrative  departments,  cannot  well  be  decided  by  popular 
vote,  but  must  be  left  to  representative  bodies.  The  referendum  cannot 
be  made  successfully  to  take  their  place,  but  the  party  would  be  made 
more  effective  and  less  open  to  the  charge  of  perverting  the  popular  will, 
if  the  issues  were  less  in  number  and  more  clearly  outlined.  The  same 
purpose  might  be  obtained,  or  its  attainment  aided,  by  some  workable 
scheme  for  porportional  representation. 

6.  Centralization  of  respmtsibility. — This  is  to  be  accomplished  in  two 
ways:  By  the  simplification  of  governmental  machinery  and  the  differen- 
tiation of  functions.  The  party  system  has  been  condemned  largely  be- 
cause it  has  developed  the  boss — an  extra-legal  personage  who  controls 
all  departments  of  government.     But  as  Professor  Goodnow  has  pointed 
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out  in  his  recent  work,  "  Politics  and  Administration,"  our  governments 
are  so  decentralized  that  some  controlling  authority  is  absolutely  neces- 
sary, and  not  being  provided  by  law,  it  sprang  up  outside  of  law.  Tke 
principal  question  now  is,  how  to  make  the  boss  responsible.  When  gov- 
ernment has  been  simplified  and  as  a  result  responsibility  centralized, 
most  of  the  evils  of  boss  rule  will  have  been  done  away  with.  Part  of  the 
same  movement  is  the  differentiation  of  functions  not  only  in  the  city 
government  itself,  but  as  between  the  city  and  the  state.  Legislative  in- 
terference is  very  disastrous  not  only  for  the  city  but  the  state  as  well.  A 
sphere  of  activity  for  each  should  be  evolved  and  central  administrative 
control  substituted  for  legislative  interference. 

7.  Eradication  of  the  spoils  idea, — It  is  obvious  that  so  long  as  the 
hope  of  oflSce  or  the  possibility  of  feeding  from  the  public  crib  causes  men 
to  support  a  given  party,  elections  can  not  rise  higher  than  struggles  be- 
tween citizens  for  favors.  So  long  as  party  leaders  use  their  power  and 
influence  to  secure  for  their  followers  freedom  from  law  or  illicit  favors, 
principles  cannot  play  the  important  part  that  they  should.  The  spoils 
idea  has  been  carried  so  far  in  New  York  City  that  many  young,  ambi- 
tious men  join  Tammany  Hall  because  they  see  that  success  is  made  much 
easier  by  so  doing.  And  if  the  Republican  party  had  no  offices  to  give, 
no  favors  to  confer,  a  large  portion  of  its  following  would  fall  away. 
This  condition  is  not  indicative  of  such  an  abnormal  moral  standard  as 
might  be  expected,  for  the  rewards  are  enormous  and  the  excuse  is  often 
made  that  one  party  is  as  bad  as  another.  But  remove  the  ability  to  con- 
fer favors  or  create  a  public  opinion  that  will  not  tolerate  it,  and  a  long 
step  will  be  taken  towards  uplifting  politics  and  party  standards. 

Our  conclusion  is,  therefore,  that  the  party  system  performs  most  use- 
ful functions,  that  it  will  continue  to  exist,  that  independent  municipal 
parties,  as  a  permanent  scheme,  are  impossible  and  undesirable,  that  the 
formation  of  municipal  programs  by  the  national  parties  is  not  only  the 
most  desirable  plan  yet  presented  but  in  line  with  present  tendencies,  and 
that  the  fault  lies  not  so  much  with  the  political  party  as  the  ideas  or 
principles  upon  which  existing  parties  are  based.  The  party  is  an 
agency,  and  like  an  inanimate  machine  it  is  not  to  be  condemned  because 
corrupt  men  use  it  to  accomplish  their  ends,  any  more  than  the  street  car 
which  kills  a  person  because  the  motorman  is  careless  or  incompetent. 
The  only  ground  upon  which  the  party  may  be  condemned  is  that  of  in- 
efficiency. Is  it,  as  a  simple  machine,  doing  the  work  for  which  it  was 
intended  ?  Is  the  work  done  necessary  ?  Has  a  better  system  been  in- 
vented ?  If  these  questions  are  answered  affirmatively,  it  is  useless  and 
unwise  to  reject  the  party  system,  and  attention  should  be  directed  more 
towards  men  and  motives  than  the  form  of  organization. 


Some  Geographical  Aspects  of  Our  Foreign  Trade.    By  Frank 
R.  RuTTER,  Department  of  Agriculture,  Washington,  D.  C. 
The  object  of  trade  is  the  creation  of  place  utility  ;  foreign  trade  there- 
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fore  depends  essentially  on  geographical  differences  between  countries. 

The  United  States  occupies. a  peculiar  commercial  position,  intermedi- 
ate between  manufacturing  Europe  and  agricultural  countries  in  and  near 
the  tropics.  Possessing  at  once  fertile  land  and  technical  skill  of  a  high 
order  the  United  States  has  became  both  a  great  agricultural  and  a  great 
manufacturing  country.  Its  most  distinctive  economic  advairtage,  how- 
ever, is  apparently  found  in  the  production  of  grain  and  cotton.  In  the 
year  ending  June  30,  1898,  over  45  per  cent  of  its  total  domestic  exports 
consisted  of  breadstuff s  and  cotton,  and  in  1899,  in  spite  of  short  crops, 
no  less  than  40  per  cent.  For  these  articles  Europe  affords  the  best  mar- 
ket, and  over  three-fourths  of  our  total  domestic  exports  are  shipped  to 
that  continent.  The  relative  commercial  situation  of  Europe,  the  United 
States,  and  the  tropics  does  not  permit  an  equivalent  return  of  European 
manufactures  to  this  country.  The  demand  for  them  here,  in  competi- 
tion with  domestic  manufacturers  in  many  instances  protected  by  tariff, 
is  much  less  strong  than  for  tropical  and  subtropical  products.  More- 
over American  manufactures  have  been  largely  confined  to  the  home 
market,  and  Eurojje  has  had  a  consequent  advantage  over  this  country  in 
the  export  trade  with  the  more  southerly  lands.  From  these  conditions 
a  three-sided  trade,  remarkable  in  size,  has  sprung  up  between  the  United 
States,  Europe  and  the  tropics,  forming  probably  the  most  conspicuous 
geographical  feature  of  our  foreign  commerce.  The  excess  of  export  in 
our  trade  with  Europe  in  1899  reached  nearly  |6oo,ooo, 000,  and  the  excess 
of  import  from  South  America  and  Asia  over  f  100,000,000. 

The  so-called  favorable  balance  of  trade  existing  between  this  country 
and  Eurojje  has  been  viewed  with  satisfaction  by  protective  theory  and 
has  been  encouraged  by  protective  practice.  Carey's  argument  against 
trade  along  lines  of  latitude  as  compared  with  trade  across  lines  of  lati- 
tude has  received  practical  application  in  the  itnposition  of  much  higher 
import  duties  on  European  than  on  tropical  products.  In  1899  ^'ver  73 
per  cent  of  the  total  import  from  Europe  and  only  31  per  cent  of  the  im- 
port from  South  America,  Asia  and  Oceanica  were  subject  to  duty. 

The  lack  of  export  to  tropical  countries  has  been  a  condition  that  pro- 
tection has  sought  to  remedy.  Ten  5'ears  ago  reciprocity  treaties  were 
contracted  in  order  to  promote  export  trade  with  South  America  ;  to-day 
expansion  is  welcomed  as  a  means  of  increasing  trade  with  the  Orient. 
Conditions  seem  much  more  favorable  to  the  development  of  export  trade 
with  tropical  countries  now  than  in  1890.  In  that  year,  according  to  the 
Treasury  Department  classification,  less  than  18  per  cent  of  our  total  do- 
mestic export  consisted  of  manufactures ;  in  1899  the  proportion  reached 
28  per  cent,  the  value  of  domestic  manufactures  exported  having  more 
than  doubled.  The  year  before  the  export  of  manufactures  exceeded 
for  the  first  time  the  import  of  manufactures.  During  the  decade  the 
proportion  of  cotton  manufactures  in  our  combined  export  of  raw  cotton 
and  cotton  goods  increased  from  less  than  4  per  cent  in  1890  to  10  per 
cent  in  1899.  Of  these  goods  more  than  one-half  in  the  latter  year  were 
marketed  in  Asia  and  Oceanica.   Our  exports  to  the  Orient  have  increased 
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much  more  rapidly  than  to  Europe.     This  tendency  promises  to  result  in 
more  reciprocal  trade  conditions. 

The  external  distribution  of  our  foreign  trade  has  a  direct  bearing  on  its 
internal  distribution  among  the  various  ports.  The  relative  decline  of 
New  York's  trade,  about  which  much  has  been  said,  is  confined  almost 
entirely  to  the  export  of  breadstuff s  and  cotton,  of  which  nearly  nine- 
tenths  in  1899  were  destined  for  Europe.  The  chief  advantages  of  New 
York  over  competing  ports  seem  to  be  :  ( i )  It  has  means  of  communi- 
cation with  many  countries  not  reached  by  other  ports;  (2)  Its  metropol- 
itan character  peculiarly  fits  it  to  handle  mixed  cargoes  ;  and  (3)  Its 
large  import  trade  secures  to  it  full  inward  cargoes.  The  limit  of  its  har- 
bor capacity  and  the  loss  of  one  distinctive  advantage  in  the  export  of 
grain  through  the  decline  of  canal  transportation  have  resulted  in  the 
partial  restriction  of  its  trade  to  lines  in  which  its  advantages  as  commer- 
cial metropolis  are  of  most  value.  It  retains  the  chief  part  of  the  import 
trade  of  the  United  States  and  its  export  to  non-European  countries 
(except  Canada)  has  increased  both  absolutely  and  relatively  to  other 
ports.     Its  continued  commercial  supremacy  seems  to  be  assured. 


EXECUTIVE  PROCEEDINGS. 


Report  of  special  committee,   W  J  McGee,  G.  K.  Gii^bert,  H.  L. 
FAIRCHII.D,  presented  to  the  general  session,  Friday,  June  29,  1900  : 


3n  il3emotiam— dEDiiiatD  flDtton. 

Edward  Orton  died  October  16,  1899,  aged  70  years.  In  his  death  the 
American  Association  for  the  Advancement  of  Science,  for  the  third  time 
during  its  history,  has  been  deprived  of  a  President  in  the  midst  of  his 
term  of  office,  and  has  lost  one  of  its  most  earnest,  faithful  and  honored 
members,  while  the  science  of  geology  has  lost  an  able  and  successful 
student,  and  general  education  an  efficient,  liberal  and  progressive  teacher. 

The  beauty  and  dignity  of  his  character,  the  purity  of  his  life  and 
his  devotion  to  the  welfare  of  his  fellowmen  have  won  for  him  the  affec- 
tion of  his  associates  and  the  honor  and  regard  of  all  who  knew  him. 

Edward  Orton,*  teacher  and  geologist,  was  bom  in  Deposit,  N.  Y., 
March  9,  1829.  He  was  the  son  of  Rev.  Samuel  Gibbs  Orton,  D.D.  and 
Clara  (Gregory)  Orton.  Both  parents  came  of  substantial  families  of 
English  stock  long  resident  in  this  country.  The  father  was  for  half  a 
century  an  active  and  successful  clergyman  of  the  Presbyterian  denomi- 
nation and  spent  the  years  of  his  ministry  in  central  and  western  New 
York.  From  1837  to  1853  he  was  settled  at  Ripley,  N.  Y.  Here  Edward 
Orton  spent  most  of  his  youth,  and  was  fitted  for  college  under  the  tui- 
tion of  his  father  and  by  study  in  the  neighboring  academies  of  Westfield 
and  Fredonia.  He  entered  the  Sophomore  class  of  Hamilton  College  (his 
father's  alma  mater)  in  1845  and  graduated  with  very  high  standing  in  1848. 
The  year  1848-49  he  spent  as  assistant  in  an  academy  at  Erie,  Pa.,  of  which 
his  classmate,  John  H.  Black,  was  principal.  During  1849-50  he  was  a 
student  in  Lane  Theological  Seminary  at  Cincinnati,  O.  Here  he  came 
under  the  instruction  of  Dr.  Lyman  Beecher  (under  whose  ministry  his 
father  had  been  "converted")  and  Prof.  Calvin  E.  Stowe.  It  appears 
that  he  supported  himself  by  tutoring,  and  was  active  in  mission  work. 
At  the  end  of  the  year,  owing  to  temporary  failing  of  eyesight  and,  per- 
haps, because  of  incipient  doubt  as  to  the  truth  of  Calvinism,  he  with- 
drew, and  spent  some  months  upon  a  farm,  and  in  the  outdoor  life  of 

1  The  following  sketch  of  Professor  Orton 's  life  was  written  by  Professor  Derby, 
and  was  printed  in  the  memorial  volume  published  by  the  Ohio  State  University. 
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which  he  was  always  fond.  Later  in  the  year  he  made  a  voyage,  perhaps 
as  purser  or  super-cargo,  in  a  coasting  vessel  as  far,  at  least,  as  Tampa, 
Fla.,  and  brought  back  a  more  pronounced  abhorrence  of  African  slavery. 

In  the  spring  of  1851  Mr.  Orton  became  a  teacher  in  the  Delaware  Lit- 
erary Institute,  a  flourishing  academy  at  Franklin,  N.  Y.  He  taught 
there  many  subjects  with  marked  success.  His  growing  taste  for  the 
natural  sciences  caused  him  to  spend  the  year  1852-53  in  the  Lawrence 
Scientific  School  of  Har\'ard  University.  There  his  attention  was  chiefly 
directed  to  chemistry'  and  botany,  in  which  his  instructors  were  Gray, 
Horsford  and  Cooke.  It  does  not  appear  that  Mr.  Orton  heard  lectures 
from  Agassiz,  who  was  absent  from  Cambridge  during  the  years  1851-53. 
The  year  1853-54  saw  Mr.  Orton  again  a  teacher  at  the  Delaware  Insti- 
tute, but  his  intention  of  entering  the  ministry  led  him  to  spend  the  fol- 
lowing year  in  the  Andover  Theological  Seminary  of  which  Dr.  E.  A. 
Park  was  then  the  central  figure.  Mr.  Orton  spent  only  one  year  at  An- 
dover and  did  not  graduate.  He  made  there  one  life-long  friend,  Dr. 
John  Bascom,  later  Professor  at  Williams  and  President  of  the  University 
of  Wisconsin.  During  the  year  1855-56  Mr.  Orton  was  pastor  of  the 
Presbyterian  church  at  Downsville,  Delaware  county,  N.  Y.,  and  was  or- 
dained January  i,  1856,  at  Delhi,  by  Delaware  Presbytery. 

In  September,  1856,  he  became  professor  of  the  natural  sciences  in  the 
State  Normal  School  at  Albany.  This  position  he  was  constrained  to  re- 
sign at  the  end  of  three  years  of  successful  service.  He  was  charged 
with  holding  heretical  opinions.  From  1859  to  1865  Mr.  Orton  was  prin- 
cipal of  an  academ}'  at  Chester,  Orange  county,  N.  Y.,  and  his  reputation 
was  so  enhanced  by  the  success  of  the  school  that  in  1865  he  was  elected 
Professor  of  Natural  History  in  Antioch  College,  Yellow  Springs,  O.  This 
position  he  held  until  he  was  chosen  President  of  Antioch,  June,  1872. 
In  1869  Governor  Hayes  had  appointed  him  one  of  the  assistants  upon 
the  Geological  Survey  of  Ohio.  In  1S73  Mr.  Orton  was  elected  Professor 
of  Geology  and  President  of  the  new  Agricultural  and  Mechanical  Col- 
lege, located  at  Columbus.  Of  this  institution,  which  in  1878  became 
the  Ohio  State  University,  he  remained  president  until  1881  when  he  re- 
signed the  presidency,  but  retained  the  chair  of  geology  until  the  end  of 
his  life. 

In  the  summer  of  1874  he  went  to  Europe  and  traveled  in  England  and 
on  the  continent.  Upon  the  reorganization  of  the  State  Geological  Sur- 
vey in  1882  Dr.  Orton  became  its  chief  and  held  the  office  of  State  Geolo- 
gist for  the  remainder  of  his  life.  Volumes  5,  6,  and  7  of  the  final  re- 
ports of  the  geological  survey,  two  annual  reports  and  other  special  ones 
were  brought  out  under  his  direction.  During  these  later  years  his  atten- 
tion was  directed  chiefly  to  economic  geology.  He  gave,  also,  much 
time  and  thought  to  the  problems  of  sewage  disposal  and  public  water 
supply  as  affecting  the  public  health  of  the  community  and  the  state  at 
large.  Early  in  December,  1891,  he  delivered  a  public  lecture  at  Antioch 
College,  and  while  returning  to  Columbus  suffered  a  stroke  of  paralysis 
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which  wholly  deprived  him  of  the  use  of  his  left  arm  and  caused  a  de- 
cided limp  in  his  gait,  but  left  his  mental  powers  unimpaired.  During 
the  early  autumn  of  1899  Dr.  Orton's  health  failed  perceptibly,  yet  he 
was  spared  a  long  illness  and  retained  his  faculties  to  the  end,  which 
came  suddenly  and  almost  painlessly,  October  16,  1899.  '*  He  died,  as 
he  lived,  with  the  simple  dignity  and  fortitude  of  a  Christian  gentleman.** 

Dr.  Orton  married,  1855,  Mary  M.  Jennings,  of  Franklin,  N.  Y.,  who 
died  in  1873.  Four  children,  all  of  whom  are  living,  were  the  fruit  of 
this  marriage.  In  1875  he  married  Anna  Torrey,  of  Milbury,  Mass.,  who 
with  two  children,  survives  him. 

Dr.  Orton  was  slightly  below  medium  height,  but  of  robust  and  well- 
knit  frame,  active  and  vigorous  in  movement,  and  capable  of  intense  and 
long-continued  mental  exertion.  His  dignity  of  manner  and  strong,  in- 
tellectual face  everywhere  gave  him  distinction.  He  was  a  member  of 
many  scientific  bodies;  among  these  were  the  Ohio  Archaeological  and 
Historical  Society,  Ohio  Academy  of  Science,  Geological  Society  of  Amer- 
ica, of  which  he  was  president  1897,  and  the  American  Association  for  the 
Advancement  of  Science,  of  which  he  was  president  1899. 

His  alma  mater,  Hamilton  College,  gave  him,  in  1875,  the  degree  of 
Ph.D.,  and  the  degree  of  LL.D.  was  conferred  upon  him  by  the  Ohio 
State  University  at  the  close  of  his  presidency  in  1881.  His  writings  com- 
prise articles  in  scientific  and  technical  journals  and  a  large  portion  of 
the  various  volumes  of  the  Reports  of  the  Second  and  Third  Geological 
Surveys  of  Ohio  (1869-1888,  1888-1894). 

A  few  of  the  occasional  addresses,  in  which  he  was  always  singularly 
felicitous  and  effective,  have  been  published. 


REPORT  OF  THE  GENERAI<  SECRETARY. 


The  forty-ninth  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  called  to  order  on  Monday,  June  25,  1900,  at  11 
o'clock  A.  M.,  in  room  309,  Havemeyer  Hall,  Columbia  University,  New 
York  City,  by  G.  K.  Gilbert,  of  Washington,  D.  C,  the  retiring  presi- 
dent.    Mr.  Gilbert  said  : 

Will  the  Association  please  be  in  order.  Having  said  so  much  my  duty 
has  almost  ceased,  for,  as  a  retiring  officer  of  this  Association,  I  am  not 
an  officer  of  this  meeting.  It  is  merely  my  duty  to  open  this  meeting 
and  to  introduce  to  you  its  presiding  officer,  the  president-elect,  Profes- 
sor Woodward,  of  Columbia  University. 

Professor  Woodward,  on  taking  the  chair,  spoke  as  follows : 

Ladies  and  Gentlemen  and  Members  and  Fellows  of  the  Association  : 
I  beg  to  express  to  you  my  profound  appreciation  of  the  honor  you  con- 
ferred upon  me  in  calling  me  to  preside  over  your  deliberations  on  the 
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occasion  of  this  fifty-second  anniversary  and  this  forty-ninth  meeting  of 
the  Association.  No  one  who  has  reviewed  the  history  of  the  Associa- 
tion, or  who  has  looked  at  the  list  of  distinguished  past  presidents  can 
fail  to  esteem  such  an  honor  most  highly.  But  on  the  other  hand,  no 
one  who  possesses  in  any  degree  that  sensitiveness  which  is  born  of  scien- 
tific discipline  can  enter  upon  the  duties  of  president  without  more  or 
less  of  diffidence  ;  for  the  elevated  standard  set  by  our  predecessors  seems 
unattainable.  There  are  two  reassuring  thoughts,  however,  which  serve 
to  mitigate  the  severity  of  the  responsibilities  which  fall  to  one  elected  to 
the  highest  office  in  your  gift.  The  first  of  these  is  that  no  organized 
body  is  so  reasonable  and  so  amicable  in  the  transaction  of  business  as  a 
scientific  body,  so  capable  in  short  of  making  due  allowance  for  what  our 
astronomers  might  call  the  eccentric  anomalies  of  human  nature.  The 
second  reajisuring  thought  is  that  I  may  soon  become  a  past  president, 
giving  way  thus  to  abler  men,  and  being  thus  permitted  to  return  to  the 
ranks  of  simple  scientific  workers,  who  seek  not 'self-advancement,  but 
the  advancement  of  science.  We  had  hoped  this  morning  to  have  with 
us  His  Excellency,  the  Governor  of  New  York, — the  soldier,  the  states- 
man, the  man  of  science  and  with  eminent  skill  in  politics,  but,  unfortu- 
nately, he  has  been  nominated  for  a  much  higher  office  than  we  could 
bestow  upon  him,  and  he  has  telegraphed  us  that  it  will  be  impossible 
for  him  to  be  here.  Under  the  circumstances,  I  think  perhaps  we  may 
excuse  him.  But  the  Empire  State  is  rich  in  men,  and  we  have  with  us 
one  also  skilled  in  politics — a  citizen  of  the  State  of  New  York .  Perhaps 
I  should  say  that  he  was  first  known  as  a  prominent  citizen  of  Brooklyn,, 
later  as  an  eminent  citizen  of  Greater  New  York,  a  well-known  citizen  of 
the  United  States,  the  Honorable  Seth  Low,  president  of  this  university. 

President  Low  spoke  as  follows  : 

Mr.  President  and  Members  of  the  American  Association  for  the 
Advancetnent  of  Science :  It  gives  me  very  much  pleasure  to  welcome 
this  Association  to  the  city  of  New  York  and  to  Columbia  University.  It 
is  thirteen  years  since  this  Association  met  in  the  city  of  New  York,  al- 
though it  met,  I  believe,  in  1894  in  the  city  of  Brooklyn,  which  has  since 
become  a  part  of  this  city.  In  that  interval  of  thirteen  years  there  has 
been  a  profound  stirring  of  the  scientific  spirit  in  this  vast  community. 
Witness,  if  you  please,  the  foundation  of  the  Botanical  Garden  of  New 
York  by  the  cooperation  of  the  city  and  of  private  organizations,  after  the 
pattern  which  has  shown  itself  so  effective  in  the  case  of  the  Metropoli- 
tan Museum  of  Art  and  of  the  American  Museum  of  Natural  History. 
Witness  again,  the  formation  of  the  New  York  Zoological  Garden  which 
is  projected  upon  a  scale  entirely  worthy  of  this  great  metropolis  ;  wit- 
ness the  establishment  by  the  city  authorities  of  the  Aquarium  ;  ^4tness 
the  enlargement,  until  it  is  threefold  its  size  of  thirteen  years  ago,  of  the 
American  Museum  of  Natural  History  ;  all  of  these  things  being  done 
either  by  the  city  itself  as  in  the  case  of  the  Aquarium,  or  by  the  city  in 
cooperation  with  private  agencies  as  in  all  the  other  cases.     The  univer- 
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sities  of  the  city  have  made  immense  strides  in  the  direction  of  scientific 
equipment  in  the  same  interval.  Our  own  university,  New  York  Univer- 
sity and  the  medical  schools  attached  to  these  two  universities  and  to 
Cornell  University  and  to  the  Long  Island  Medical  College,  all  of  them 
only  thirteen  years  ago  practically  without  laboratory  equipment,  all  of 
them  to-day  equipped  in  a  way  to  compare  favorably  with  medical  schools 
in  any  part  of  the  country,  and  ih  some  respects,  perhaps,  favorably  with 
medical  schools  in  any  part  of  the  world.  The  scientific  societies  of  New 
York  have  also  awakened  to  new  life.  All  these  things  show  that  through- 
out the  length  and  breadth  of  this  vast  community  a  remarkable  stirring 
of  the  scientific  spirit  has  occurred  since  your  last  meeting  here.  It  may 
easily  be  that  your  meeting  here  at  that  time  sowed  the  seeds,  or  some  of 
the  seeds  at  least,  which  have  produced  this  valuable  and  welcome  fruit. 
I  congratulate  you  upon  securing  for  the  advancement  of  science  such  an 
ally  as  this  metropolitan  city.  It  has  indeed  the  strength  of  a  giant,  and, 
once  aroused,  it  brings  to  any  cause  to  which  it  allies  itself  a  giant's 
strength.  Therefore,  I  congratulate  you,  as  I  have  said,  in  obtaining  for 
the  cause  which  appeals  to  you  so  important  an  ally  as  the  city  of  New 
York. 

I  think  I  may  also  say  that  this  university,  which  to-day  welcomes  you 
as  its  guest,  has  had  its  fair  share  in  the  reawakening.  In  1887,  when 
you  were  here,  my  predecessor,  the  late  Rev.  Dr.  Barnard,  was  president 
of  this  university  ;  when  he  died,  a  year  or  two  later,  it  was  found  that 
he  had  left  his  entire  CvState  to  the  university,  subject  to  a  life  interest  on 
the  part  of  his  widow,  with  the  provision  that  |;ro,ooo  should  be  set  apart 
for  the  maintenance  of  a  Barnard  fellowship  in  science,  to  be  awarded  to 
some  fellow  who  should  pursue  physical  and  chemical  research.  He  pro- 
vided also  for  the  award,  every  five  years,  of  the  *  Barnard  medal  for 
meritorious  service  to  science.*  This  medal  is  awarded  by  the  trustees  of 
the  university  upon  the  recommendation  of  the  National  Academy  of 
Sciences.  It  was  given  this  month  to  Professor  Roentgen  for  the  discov- 
ery of  the  X-rays.  The  remainder  of  Dr.  Barnard's  estate,  he  provided, 
should  be  a  fund  for  the  increase  of  the  library,  the  income  of  which 
should  be  used  especially  for  the  purchase  of  scientific  books,  and  more 
especially  in  the  domain  of  physics  and  of  chemistrj'.  When  Mrs.  Bar- 
nard died,  a  year  or  two  later,  it  was  found  that  she  had  added  her  own 
estate  to  that  of  her  husband  and  dedicated  it  to  the  same  purposes.  I 
think  it  is  interesting  to  find  that  our  late  president  should  have  had  the 
cause  of  science  so  near  at  heart,  for  he  was,  as  many  of  you  know,  a 
clergyman  of  the  Episcopal  Church  ;  but  he  was  one  of  those  who  saw 
no  contradistinction  between  the  Truth  of  God  written  in  the  manuscripts 
of  Nature,  and  the  Truth  of  God  as  revealed  through  the  Scriptures.  In 
that  respect  he  was  a  worthy  representative  of  the  university  whose  motto 
has  l)een,  since  its  foundation  in  1754,  *'  In  Thy  light  we  shall  see  light." 
Therefore  we  anticipate  new  discoveries  in  science,  because  at  the  center 
of  all  things,  we  believe,  is  the  Father  of  Light.  In  1887  this  university 
studied  science  and  taught  science.     It  had  not,  however,  committed 
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itself  to  the  advancement  of  science,  as  in  the  interval  it  has  done,  by  the 
establishment  of  its  Faculty  of  Pure  Science.  I  remember  that  when 
Professor  Osbom  was  invited  to  the  chair  of  biology,  in  this  university, 
he  told  me  that  only  a  few  years  before  he  had  wanted  to  study  that 
science  in  the  city  of  New  York,  and  could  find  no  opportunity.  There 
was  then  no  provision,  either  public  or  private,  for  the  study  of  biology 
in  this  great  metropolis.  You  know  as  well  as  I  how  g^reat  is  the  change 
to-day. 

Any  cause  which  is  sufficiently  great  to  attract  delegates  from  all  over 
the  United  States  every  one  recognizes  as  a  cause  of  importance.  The 
fact  that,  from  so  wide  a  territor}-,  men  and  w^omen  will  come  together  to 
discuss  that  interest  stamps  it  as  an  interest  of  unusual  importance.  This 
meeting  lacks  no  element  of  importance  in  that  regard.  Not  only  does 
the  Association  for  the  Advancement  of  Science  gather  its  representatives 
from  all  parts  of  the  Union,  but  there  are  also  meeting  with  you  this 
week  at  least  fifteen  affiliated  societies ;  and  I  believe  all  of  them  are  na- 
tional in  their  scop)e.  But  after  all,  this  meeting  interests  me,  less  be- 
cause of  the  wide  range  of  territory  from  which  it  gathers  its  adherents 
than  from  the  vast  range  covered  by  its  interests.  Here  are  men  and 
women  whose  interests  reach  out  through  the  entire  universe.  Occupied 
space,  so  far  as  its  occupancy  can  be  made  known  either  by  photography 
or  by  the  sp)ectroscope,  is  included  naturally  within  the  range  of  your 
interest.  On  the  other  hand,  you  deal  with  the  little  things  of  the  uni- 
verse as  carefully  as  with  the  great  things.  Here  are  those  who  are  inter- 
ested in  all  life,  whether  hutnan  or  of  any  other  kind.  Here  are  those 
who  are  interested  in  inanimate  objects,  whether  g^eat  or  small.  The 
interests  which  you  have  come  to  serve  are  not  national  in  their  scope 
only,  nor  international,  nor  world-wide— they  are  universal ;  and  it  seems 
to  me  that  this  fact  itself  is  an  interesting  illustration  of  the  unity  of  Na- 
ture. No  one  can  study  any  part  of  the  natural  universe  without  being 
drawn  into  the  current  with  those  who  are  studying  the  universe  in  some 
other  part. 

But  I  should  fail,  it  seems  to  me  to  do  justice  to  your  Association  if  I 
did  not,  as  president  of  this  university,  recognize  the  immense  contribu- 
tions of  science  to  the  cause  of  education.  I  suppose  there  is  hardly  a 
lecture  room  in  this  building  in  which  preparation  is  not  made  for  the 
use  of  the  electric  lamp,  so  that  through  the  use  of  electricity  and  pho- 
tography almost  every  branch  of  scientific  research  is  being  forwarded. 
The  student  can  sit  in  his  room,  and  see  whatever  the  sun  sees  ;  he  can 
see  what  the  sun  never  saw,  because  the  sun  is  blinded  by  the  fulness  of 
its  own  light ;  he  can  see  what  exists  in  the  outer  universe  and  also  in  the 
depths  of  the  earth.  But  this  is  not  the  greatest  contribution  science  has 
made  to  education.  After  all,  it  is,  in  all  these  things,  the  unseen  rather 
than  the  seen  that  is  the  essential.  I  should  say  that  science  has  con- 
tributed to  education  in  the  last  half  century  two  things  vastly  more  im- 
portant than  all  its  contributions  to  the  better  equipment  of  the  class- 
room.     It  has  given  to  us  the  evolutionary  theory,  which,  being  applied 
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in  almost  every  domain  of  study,  has  revolutionized  it ;  and  it  has  given 
to  us,  also,  the  scientific  method.  I  stated  to  you  that  thirteen  years  ago 
there  was  hardly  a  laboratory  in  the  city  of  New  York  in  connection  with 
an  educational  institution.  There  were  chemical  laboratories  and  assay 
laboratories,  here  and  there,  but  almost  no  others.  Even  the  public 
schools  of  the  city  are  equipped  with  laboratories  in  several  sciences  at 
the  present  time.  So  that  in  those  two  gifts — the  evolutionary  theory 
and  the  scientific  method,  you  have  made  contributions  which  certainly 
demand  the  most  generous  recognition  on  the  part  of  educators.  In 
making  this  statement  I  am  sure  that  I  speak,  not  only  for  this  univer- 
sity, but  for  every  university  in  the  land. 

I  am  especially  glad  to  welcome  you  because  you  are  an  Association  for 
the  Advancement  of  Science.  That,  after  all,  is  what  ought  to  make  you 
feel  at  home  in  the  atmosphere  of  this  university  ;  for  a  university  that 
does  not  assist  the  advancement  of  science  has  hardly  a  right  to  call  itself 
by  that  great  name.  I  heard  Phillips  Brooks  say  in  a  sermon  that  I  heard 
him  preach  in  Boston  when  this  Association  met  there  twenty  years  ago, 
that  you  can  get  no  idea  of  eternity,  by  adding  century  to  century  or  by 
piling  aeon  upon  aeon  ;  but  that,  if  you  will  remember  how  little  you 
knew  when  you  sat  at  your  mother's  knee  to  learn  the  alphabet,  and  how 
with  every  acquisition  of  knowledge  which  has  marked  the  intervening 
years  you  have  come  to  feel,  not  how  much  more  you  know  but  how 
much  more  there  is  to  be  known,  all  can  get  some  idea  of  how  long  eter- 
nity can  be,  because  all  can  understand  that  there  never  can  be  time 
enough  to  enable  any  one  to  learn  all  that  there  is  to  know.  There  is  so 
much  to  be  known,  that  even  the  great  advances  of  the  last  generation 
do  not  make  us  feel  that  everything  is  discovered,  but  they  appeal  to  new 
aspirations  and  awaken  renewed  energy  in  order  to  make  fresh  discover- 
ies in  a  region  that  teems  with  so  much  that  is  worthy  of  knowledge.  I 
congratulate  you  upon  your  success,  and  I  bid  you  welcome  to  Columbia. 

The  president  then  introduced  the  Hon.  James  Wii^son,  Secretary  of 
Agriculture,  who  expressed  his  pleasure  at  being  able  to  be  present  at  the 
meeting  as  president  of  the  American  Forestry  Association,  one  of  the 
aflfiliated  societies.  He  then  made  a  strong  and  earnest  plea  for  practical 
work  in  applied  science. 

President  Woodward  then,  on  behalf  of  the  Association,  responded 
to  President  Low's  address  of  welcome,  as  follows  : 

Under  the  favorable  auspices  of  this  institution  of  learning,  with  its 
commodious  quarters  and  its  scientific  atmosphere  so  generously  placed 
at  our  disposal,  we  meet  to-day  to  begin  the  forty -ninth  session  of  the 
American  Association  for  the  Advancement  of  Science. 

The  life  of  this  Association  has  been  contemporaneous  with  an  epoch 
of  triumphant  scientific  progress  ;  and  in  this  last  year  of  the  century  one 
is  tempted  to  look  back  into  the  history  of  the  achievements  of  our  prede- 
cessors, in  order  to  render  them  due  homage,  and  in  order  to  learn  from 
their  experience  the  wisdom  essential  for  future  guidance.  One  is  prone 
especially  to  recall  the  noble  lives  and  the  indefatigable  industry  of  the 
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founders  and  early  porkers  of  this  Association,  who  are  no  longer  with 
us,  but  whose  careers  are  sources  of  admiration  and  inspiration  to  the 
present  generation  of  scientific  men  in  America.  There  were  Rogers  and 
Henry  and  Bache,  and  Agassiz  and  Peirce  and  Dana,  and  Torrey  and 
Hall  and  Lea.  and  Barnard  and  Gould  and  Gray,  and  Marsh  and  Dawson 
and  Newton,  and  Brinton  and  Cope  ;  and  many  others  not  less  worthy, 
whose  life  work  was  intimately  related  to  the  work  of  this  Association. 
The  mere  mention  of  a  few  of  these  honored  names  may  suffice,  however, 
on  this  occasion,  to  remind  us  of  our  indebtedness  to  them,  and  to  assure 
us  of  the  steady  progress  which  has  attended  the  Association  in  its  growth 
from  a  single  section  of  a  half  century  ago  to  the  nine  different  sections 
and  twice  as  many  affiliated  societies  of  to-day.  The  fertility  of  the  study 
of  our  planet  in  stimulating  thought  and  in  leading  thought  to  action  is 
at  once  apparent  when  we  recall  that  out  of  the  small  beginnings  of  a 
few  naturalists  who  styled  themselves  the  American  Geological  Society 
have  sprung  the  varied  activities  of  this  Association  and  the  kindred  so- 
cieties which  meet  with  us  this  week.  Verily  we  may  say,  in  the  noble 
words  inscril)ed  over  the  entrance  to  Schemierhom  Hall  on  our  right, 
"Speak  to  the  earth  and  it  shall  teach  thee." 

But  science  knows  no  nationality,  and  the  forward  movement  in  which 
our  Association  is  engaged  is  only  a  part  of  a  world-wide  advance  which 
is  undoubtedly  the  most  noteworthy  characteristic  of  the  civilization  of 
the  present  half  century.  And  wherein,  we  may  fittingly  ask  ourselves, 
and  still  more  fittingly  may  the  general  public  ask  us,  does  this  advance 
consist  ?  What,  in  common  parlance,  are  the  contributions  which  the 
science  of  our  day  has  brought  to  the  betterment  of  man's  estate?  In  a 
summary  way,  disregarding  material  benefits,  which  everybody  recog- 
nizes, these  contributions  may  be  specified  under  three  heads  in  the  order 
of  their  historical  succession. 

First,  there  is  the  far-reaching  generalization  known  as  the  law  of  con- 
servation of  energy,  whose  establishment  dates  from  about  1850.  This 
law  holds  in  what  for  the  present  we  find  it  convenient  to  call  the  mate- 
rial world.  It  enables  us  to  describe  what  goes  on  in  that  world  in  the 
simplest  terms  and  in  the  most  comprehensive  fashion.  It  relates  un- 
known to  known  phenomena  ;  and  it  enables  us  to  predict  with  practical 
certainty  not  only  as  to  the  feasibility  and  efficiency  of  the  vast  aggregate 
of  mechanical  appliances  on  which  the  continuity  of  daily  life  now  de- 
pends, but  also  as  to  the  range  and  limitations  of  the  physical  processes 
of  the  entire  visible  universe.  This  doctrine  supplies  at  once  the  princi- 
pal criteria  of,  and  the  principal  methods  of  investigation  in,  physical 
science.  It  is  the  most  precise  and  the  most  comprehensive  of  theories 
devised  by  man. 

Secondly,  there  is  the  doctrine  of  evolution,  which  dates  substantially 
from  the  publication  of  Darwin's  work  on  the  "Origin  of  Species"  in  1859. 
This,  like  the  doctrine  of  energy  in  the  material  world,  enables  us  to  de- 
scribe in  the  simplest  terms  and  in  the  most  comprehensive  fashion  the 
succession  of  events  in  what  for  the  present  we  find  it  convenient  to  call 
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the  organic  world.  It  enables  us  to  trace  the  lines  of  development  along 
which  life  has  proceeded  from  age  to  age  in  geologic  time,  and  to  predict 
with  some  degree  of  probability  the  course  and  order  of  development  in 
the  future.  It  enables  us  to  see  how  in  the  endless  interactions  of  Ihe 
organic  and  inorganic  worlds,  the  former  is  adapted  to  the  latter  and  the 
latter  is  molded  by  the  former ;  so  that  the  history  of  terrestrial  life, 
with  its  teeming  forms  of  animal  and  vegetable  organisms,  becomes,  in 
the  light  of  this  doctrine,  at  once  readable  and  verifiable.  But  the  law 
of  evolution  is  not  limited  in  its  application  to  the  lower  forms  of  life 
alone.  It  extends  to  man  as  well,  and  proclaims  him  a  part  of,  and  not 
a  part  from,  the  world  of  phenomena  we  seek  by  scientific  methods  to 
.  explain.  Thus,  with  the  advent  of  this  doctrine,  the  anthropocentric 
theory  of  the  universe,  so  long  held  by  man,  vanishes ;  but  by  way  of 
compensation,  if  any  were  needed,  the  new  view  of  his  role  confronts  him 
with  the  transcendent  problem  in  which  the  instrument  of  investigation 
is,  in  a  far  higher  degree  than  hitherto,  the  object  of  research. 

Thirdly,  and  perhaps  most  important  of  all,  there  is  the  educational 
renaissance  which  seems  to  be  a  direct  result  of  the  increase  and  diffusion 
of  science  in  our  times.  Learning  is  no  longer  restricted  to  a  narrow 
range  of  subjects.  Studies  are  no  longer  strictly  divisible  into  those 
which  are  liberal  or  humanistic,  and  into  those  which,  per  contra^  must 
be  illiberal  or  demoniacal  ;  and  the  value  of  knowledge  is  no  longer 
measured  by  linguistic  standards  alone.  In  short,  we  have  come  to  un- 
derstand the  essential  unity  of  knowledge  and  the  universality  of  its 
sources  ;  and  that  progress  is  attained  not  so  much  by  journeying  along 
the  easy  highway  of  d,  priori  reasoning  as  by  following  up  the  rough 
trails  of  observation  and  experiment.  So  rapidly  and  completely  has  this 
renaissance  come  about  that  many  of  the  present  generation  are  quite  un- 
able to  understand  how  educational  affairs  could  have  been  at  all  differ- 
ent in  the  preceding  generation.  That  liberal  provision  should  be  made 
for  the  teaching  of  science  in  every  school,  and  especially  in  every  col- 
lege and  university,  now  goes  without  saying  ;  and  munificent  endow- 
ments for  the  maintenance  of  scientific  instruction  and  investigation  are 
everywhere  the  order  of  the  day.  But  it  was  not  very  long  ago — quite 
within  a  stretch  of  the  recollection  of  many  here  present — when  science 
was  an  unknown  quantity  in  our  common  schools  and  a  sort  of  imaginary 
quantity  in  our  colleges.  The  average  school  boy's  idea  of  science,  as 
Huxley  says  in  one  of  his  earlier  essays,  was  that  it  meant  skill  in  box- 
ing. One  professorship  in  a  college  was  commonly  comprehensive 
enough  to  include  all  of  the  sciences,  and  frequently  too  comprehensive 
for  the  peace  of  college  faculties ;  for,  strange  as  it  now  appears  to  us, 
some  of  the  growing  sciences  were  looked  upon  as  threatening  the  stabil- 
ity of  the  social  fabric,  and  all  were  regarded  as  dangerously  aggressive. 
Laboratories  were  either  wholly  wanting  or  little  used ;  and  although 
most  students  gained  the  idea  that  all  that  is  worth  knowing  was  ascer- 
tained long  ago  and  is  to  be  found  in  books,  libraries  seemed  to  be  main- 
tained for  the  sole  benefit  of  librarians  and  bookbinders.    These  were  the 
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good  old  times  when  the  college  professor  heard  recitations  by  day  and 
read  polite  literature  by  night. 

It  is  matter  of  history  that  the  educational  progress  of  the  past  three 
decades  has  not  been  accomplished  without  an  intellectual  struggle,  the 
noise  of  which  is  still  heard,  occasionally,  in  the  wail  of  those  who  fear 
that  the  treasures  as  well  as  the  rubbish  of  the  golden  age  of  antiquity 
may  be  engulfed  by  the  iconoclasm  of  the  present  age  of  steel.  But  what- 
ever may  have  been  our  prepossessions,  as  we  look  back  on  this  struggle, 
with  our  senses  of  proporition  and  humor  not  overstrained  by  the  pressing 
nearness  of  events,  there  app>ears  little  cause  for  regret.  The  emancipa- 
tion of  education  from  the  dominance  of  classical  tradition  is  seen  to  be 
merely  an  incident  in  the  general  advance.  Whatsoever  is  worthy  and 
noble  in  the  ancient  learning  has  acquired  new  and  increasing  interest  in 
the  light  of  the  growing  science  of  anthropology ;  and  whatsoever  is  un- 
worthy and  ignoble  may  well  wither  in  the  light  of  modem  criticism. 

But  surprising  and  gratifying  as  have  been  the  achievements  of  science 
in  our  day,  their  most  important  indication  to  us  is  that  there  is  indefinite 
room  for  improvement  and  advancement.  While  we  have  witnessed  the 
establishment  of  the  two  widest  generalizations  of  science,  the  doctrine 
of  energy  and  the  doctrine  of  evolution,  we  have  also  witnessed  the  accu- 
mulation of  an  appalling  aggregate  of  unrelated  facts.  The  proper  inter- 
pretation of  these  must  lead  to  simplification  and  unification,  and  thence 
on  to  additional  generalizations.  An  almost  inevitable  result  of  the  rapid 
developments  of  the  past  three  decades  especially,  is  that  much  that  goes 
by  the  name  of  science  is  quite  unscientific.  The  elementary  teaching  and 
the  popular  exposition  of  science  have  fallen,  unluckily,  into  the  keeping 
largely  of  those  who  cannot  rise  above  the  level  of  a  purely  literary  view 
of  phenomena.  Many  of  the  bare  facts  of  science  are  so  far  stranger  than 
fiction  that  the  general  public  has  become  somewhat  overcredulous,  and 
untrained  minds  fall  an  easy  prey  to  the  tricks  of  the  magazine  romancer 
or  to  the  schemes  of  the  perpetual  motion  promoter.  Along  with  the 
growth  of  real  science  there  has  gone  on  also  a  growth  of  pseudo-science. 
It  is  so  much  easier  to  accept  sensational  than  to  interpret  sound  scientific 
literature,  so  much  easier  to  acquire  the  form  than  it  is  to  possess  the  sub- 
stance of  thought,  that  the  deluded  enthusiast  and  the  designing  charla- 
tan are  not  infrequently  mistaken  by  the  expectant  public  for  true  men 
of  science.  There  is,  therefore,  plenty  of  work  before  us ;  and  while  our 
principal  business  is  the  direct  advancement  of  science,  an  important, 
though  less  agreeable  duty,  betimes,  is  the  elimination  of  error  and  the 
exposure  of  fraud. 

As  we  contemplate  the  future  activities  of  our  Association,  one  of  the 
interesting  and  inspiring  signs  of  the  times  is  seen  in  the  increasing  num- 
ber of  international  conferences  for  the  promotion  of  art,  commerce,  edu- 
cation, science,  and,  above  all,  peace  and  good  will  to  men.  At  the  joint 
meetings  held  last  year  by  the  British  and  French  Associations  for  the 
Advancement  of  Science,  steps  were  taken  to  form  an  international  or- 
ganization, which  has  since  been  perfected  under  the  name  of  the  Inter- 
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national  Association  for  the  Advancement  of  Science,  Art  and  Education. 
The  first  meeting  of  this  body  will  be  held  during  the  present  summer  at 
the  Paris  Exposition.  May  we  not  entertain  the  confident  hope  that, 
under  the  influence  of  such  an  association,  science,  which  has  done  so 
much  to  enlighten  the  minds  and  ameliorate  the  conditions  of  men  dur- 
ing the  nineteenth  century,  will  play  a  still  more  beneficent  role  during 
the  twentieth  century. 

And  now,  with  a  cordial  invitation  to  our  hosts,  the  trustees,  the  presi- 
dent, and  other  representatives  of  this  institution  of  learning,  and  with 
a  like  cordial  invitation  to  the  general  public  as  well,  to  attend  the  ses- 
sions of  the  various  sections  of  the  Association,  I  declare  this  meeting 
formally  open  for  the  transaction  of  its  regular  business. 


The  Generai,  Secretary  read  a  resolution  of  the  Council  that  mem- 
mers  of  the  Local  Committee,  members  of  the  affiliated  societies,  and  resi- 
dents of  New  York  and  vicinity,  should  be  admitted  to  Associate  Mem- 
bership for  this  meeting,  on  the  usual  terms. 


The  Permanent  Secretary  read  the  names  of  members  and  fellows 
of  the  Association  deceased  since  the  Columbus  meeting  and  announced 
the  arrangements  which  had  been  made  for  the  Sectional  meetings  and 
called  attention  to  the  provisions  for  the  organization  of  Sections.  After 
agreement  on  hours  of  meeting,  as  printed  in  the  preliminary  program, 
the  General  Session  was  declared  adjourned. 


At  the  meetings  of  the  General  Sessions  on  Tuesday,  Wednesday,  and 
Thursday  mornings,  in  addition  to  the  usual  announcements,  the  follow- 
ing business  was  transacted : 

It  was  announced  that  the  following  amendments  to  the  Constitution 
had  been  proposed  and  would  according  to  the  usual  provision  lie  over 
until  the  next  meeting  before  they  come  up  for  adoption. 

Amend  Article  18  by  adding  after  the  word  "  meeting,**  the  words  "  to- 
gether with  ex-officio  the  President  and  the  Secretary  of  each  Society 
which  for  the  current  year  is  affiliated  with  the  Association." 

Amend  Article  22  by  adding  at  the  end,  the  words  "  L.  Commerce  and 
Manufactures.*' 

Add  to  the  end  of  Article  20,  the  words  "  But  if  suitable  preliminary 
arrangements  cannot  be  made,  the  Council  may  afterward  change  the 
time  and  place  appointed  by  the  General  Committee  if  such  place  is  be- 
lieved advisable  by  two-thirds  of  its  members.** 
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The  following  amendments  to  the  Constitution  having  laid  over  for  one 
year  were  adopted  : 

Amend  Article  22  of  the  Constitution  by  inserting,  after  the  words  "I, 
Social  and  Economic  Science,"  the  words,  "  K,  Physiology  and  Experi- 
mental Medicine." 

Amend  Article  9  so  as  to  change  the  second  clause  from  "  these,  with 
the  exception  of  the  Permanent  Secretary,  shall  be  elected,  etc.," 
to  "these,  with  the  exception  of  the  Permanent  Secretary  and  the  Treas- 
urer shall  be  elected,  etc.,"  and  in  the  last  clause  change  "  The  term  of 
office  of  Permanent  Secretary  shall  be  live  years,"  to  "  The  term  of  office 
of  Permanent  Secretary  and  Treasurer  shall  be  five  years." 


The  following  report  of  the  Committee  on  the  Association  Library  was 
presented  : 

Your  Committee  would  respectfully  report  that  the  exchanges  and  gifts 
received  by  the  Association  during  the  past  year  have  been  regularly  re- 
ceived and  placed  in  the  Association  Library  on  deposit  with  the  Univer- 
sity of  Cincinnati. 

The  new  library  building  of  the  University  will  be  completed  this  com- 
ing Autumn,  when  the  collection  of  the  Association  will  be  removed  to 
exceptionally  safe  and  commodious  quarters  and  the  usefulness  of  the 
library  will  be  vastly  increased. 

Respectfully  submitted, 

AI.FRED  Springer, 
T.  H.  Norton, 
Amos  W.  Buti^er. 


Report  of  the  Committee  on  the  Quantitative  Study  of  Bio- 

i^OGiCAi,  Variation. 
To  the  Council  of  the  American  Association  for  the  Advancement  oj 

Science. 
Genti^emen  : 

Your  Committee  has  held  two  meetings.  The  first  took  place  at  New 
Haven  during  the  Christmas  recess,  Drs.  Boas,  Cat  tell,  and  Minot  being 
present.  At  this  meeting  it  was  planned  to  prepare  a  report  on  the  course 
of  study  which  should  be  pursued  in  preparation  for  quantitative  work  in 
variation,  and  on  the  instruction  now  given  in  variation  in  colleges.  It 
was  proposed  also  to  present  a  report  on  the  history  of  the  development 
of  the  quantitative  study  of  variation.  This  report  has  been  prepared  by 
the  recorder  and  read  before  Section  F. 

The  second  meeting  of  the  Committee  was  held  at  the  Hotel  Majestic, 
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New  York,  June  25,  1900.  Present :  Drs.  Cattell,  Kigenmann,  and  Dav- 
enport. At  this  meeting  a  summary  of  the  results  got  by  Mr.  C.  C.  Adams,  to 
whom  the  grant  of  I50  was  made,  was  received.  The  full  report  of  Mr.  Adams 
is  to  be  presented  to  Section  F.  As  Mr.  Adams  has  not  yet  completed 
his  studies  it  was  voted  :  To  recommend  that,  if  possible,  |ioo  be  appro- 
priated to  the  Committee  on  the  Quantitative  Study  of  Variation  to  aid 
Mr.  C.  C.  Adams  in  his  further  researches  on  the  variation  of  the  genus 
lo.  In  case  it  is  not  feasible  to  appropriate  so  large  a  sum  the  Committee 
recommends  that  so  much  as  possible  be  granted. 
The  Committee  asks  to  be  continued. 

Respectfully  submitted,  for  the  Committee, 

C.  B.  Davenport,  Recorder, 
J.  McK.  Cattei,!,, 

C.  H.  ElGENMANN. 

Recommendation  approved  by  the  Sectional  Committee  of  F. 

C.  H.  ElGENMANN, 

Secretary  Section  F. 
The  reports  of  other  Standing  Committees  will  be  found  in  connection 
with  the  proceedings  of  the  Sections  with  the  work  of  which  such  com- 
mittees are  concerned. 


The  following  report  by  Dr.  C.  H.  Eigenmann  was  read  : 
The  Council,  of  the  American  Association  for  the  Advancement  of 
Science. 
Genti^emen  : 

In  the  absence  of  a  committee  I  beg  leave  to  make  the  following  per- 
sonal report  on  the  grant  of  $100  made  me  for  the  investigation  of  the 
blind  vertebrate  fauna  of  North  America. 

1.  Collections  of  Typhlogobius  were  made  at  the  foot  of  Point  Loma, 
Cal. 

2.  A  collection  of  12  Rhineura  was  secured  through  dealers. 

3.  Mr.  E.  B.  Forbes  visited  Southwestern  Illinois  and  secured  a  series 
of  Chologasters  at  what  I  had  supposed  to  be  their  breeding  time. 

4.  Six  trips  were  made  to  the  Mitchell,  Indiana,  caves  to  secure  embryo- 
logical  material. 

5.  One  trip  was  made  to  the  mammoth  cave  region  in  Kentucky. 

6.  A  visit  was  made  to  the  San  Marcos,  Texas,  wells  and  caves. 

In  most  cases  the  railroad  companies  granted  either  passes  or  half  rates 
to  the  points  mentioned.  The  total  expenses  of  these  trips  chargeable  to 
the  appropriation  were  1 139.66.  An  appeal  was  made  to  the  trustees  of 
the  Indiana  University  to  pay  as  liberal  an  amount  of  these  expenses  as 
possible.  An  appropriation,  the  amount  which  I  have  not  yet  ascertained, 
has  been  granted  by  them  so  that  a  balance  of  the  Associations*  grant  is 
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still  available.     The  results  obtained  during  the  year  were  embodied  in 
the  papers  presented  during  the  meeting  of  Section  F,  on  June  26th. 

To  assist  in  the  continuation  of  the  work  in  hand  I  would  recommend 
that  a  committee  be  appointed  to  direct  the  work.  I  hope  that  a  small 
additional  grant  will  be  made  for  the  use  of  the  committee  during  the  year. 

Respectfully  submitted, 

C.  H.  ElGBNMANN. 


The  following  report  of  the  Special  Committee  of  the  Association  to 
consider  the  organization  of  an  American  branch  of  the  International  As- 
sociation for  the  Advancement  of  Science,  Arts,  and  Education  was  pre- 
sented : 

Your  Committee  held  a  meeting  April  19,  1900,  at  which  Messrs.  Gil- 
bert, Putnam,  Cattell,  and  Howard  were  present.  After  due  consideration 
the  following  resolution  was  unanimously  adopted : 

Resolved,  That  this  committee  approves  the  idea  of  international  coop- 
eration in  the  field  of  science,  and  recommends  that  the  Council  desig- 
nate a  delegate  to  a  national  conference  looking  to  that  end. 


It  was  announced  that  the  following  resolution  relative  to  the  journal 
Science  had  been  adopted  by  the  Council : 

1 .  That  the  Council  accepts  the  proposal  of  the  Macmillan  Company  to 
furnish  the  journal  Science  to  all  members  of  the  American  Association  in 
good  standing,  at  the  rate  of  f  2  per  year  each  ;  to  take  effect  for  one  year 
from  January  I,  1901  ;  the  total  amount  of  the  subscription  at  this  rate  to 
be  paid  by  the  Permanent  Secretary  from  fimds  in  his  hands  and  the 
members  to  receive  the  journal  free  of  charge  to  themselves  on  the  follow- 
ing conditions  : 

{a)  That  to  the  words  of  the  title  of  the  journal  be  added  the  words  : 
"  Publishing  the  official  notices  and  proceedings  of  the  A.  A.  A.  S.*' 

{b)  That  the  price  to  all  non-members  of  the  A.  A.  A.  S.,  be  maintained 
at  $5  per  annum. 

2.  That  the  President  of  the  Association,  the  Permanent  Secretary,  and 
one  other  member  to  be  appointed  by  the  Chair  be  a  committee  with 
power  to  arrange  details  with  the  Macmillan  Company. 


It  was  announced  that  the  following  report  of  the  Special  Committee  on 
the  disposal  of  back  volumes  of  the  Proceedings  of  the  Association  had 
been  adopted  by  the  Council  : 
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Your  committee  appointed  at  the  New  Haven  meeting  to  consider  the 
disposal  of  accumulated  back  volumes  of  Proceedings,  having  given  the 
matter  due  consideration,  report  the  following  recommendations  : 

1.  That  the  back  volumes  now  in  storage  in  Cambridge  be  transported 
to  New  York  and  stored  in  the  Columbia  University  at  no  storage  cost  to 
the  Association. 

2.  That  50  complete  sets  be  reserved  for  sale  only  in  sets  at  50  cents  per 
volume. 

3.  That  other  back  volumes,  not  less  than  5  years  old,  be  sold  to  mem- 
bers for  50  cents,  each. 

4.  That  volumes  published  within  5  years  be  sold  at  I1.50  each,  with 
the  usual  trade  discount  of  25  per  cent. 

r  G.  K.  GlI^BERT, 

(Signed)  -^  L.  O.  Howard, 

I T.  H.  Norton, 

CommUtee, 


It  was  announced  that  the  following  memorial  adopted  by  Section  E 
and  referred  to  the  Coimcil  of  the  Association  had  been  adopted  by  the 
Council,  and  that  a  committee  had  been  appointed  to  consider  the  practi- 
cability of  the  movement  described. 

In  1838  the  four  geologists  of  New  York,  W.  W.  Mather,  Ebenezer  Em- 
mons, Lardner  Vanuxem,  and  James  Hall,  and  the  paleontologist,  't.  A. 
Conrad,  at  a  meeting  held  at  the  home  of  Dr  Emmons,  in  Albany,  agreed 
to  a  proposition  to  open  correspondence  with  other  working  official  geolo- 
gists in  adjoining  states,  with  a  view  to  perfecting  an  organization  through 
the  agency  of  which  they  might  be  the  better  enabled  to  compare  the  re- 
sults of  their  work.  At  this  meeting  Mr.  Vanuxem  was  authorized  to 
confer  by  letter  with  President  Hitchcock,  the  Rogers  brothers,  and  others 
to  ascertain  their  views  with  reference  to  the  organization  suggested. 

The  result  of  this  correspondence  was  not  immediately  effectual  and  at 
a  subsequent  meeting  held  at  the  same  place  by  the  same  men  in  the  year 
1839,  at  which  meeting  Ebenezer  Emmons,  Jr.,  now  living,  was  present, 
the  matter  was  opened  for  renewed  discussion  and  Mr.  Vanuxem  was 
again  commissioned  to  prosecute  correspondence  with  reference  to  the 
same  end.  The  outcome  of  this  action  on  the  part  of  the  geologists  and 
paleontologists  of  New  York  was  the  calling  of  a  meeting  in  1840,  at  Phil- 
adelphia, which  thereupon  organized  itself  into  the  Association  of  Ameri- 
can Geologists,  the  parent  body  of  the  Association  for  the  Advancement 
of  Science. 

In  testimony  of  the  facts  herein  set  forth  we  present  the  statement  of 
the  late  James  Hall  dictated  with  great  care  by  him  a  few  years  before  his 
death,  and  also  the  statement  of  Ebenezer  Emmons,  Jr.,  now  living  at 
Albany  and  whose  recollection  of  the  meeting  of  1839  is  very  distinct, 
both  corroborated  by  the  recorded  utterance  of  President  Edward  Hitchcock 
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in  1856.  Lest  these  interesting  facts  fail  of  record  Section  E  desires  to 
memorialize  the  honorable  Association  to  the  end  that  this  house,  the 
home  of  the  late  Dr.  Emmons,  and  the  place  where  the  idea  of  the  parent 
body  of  this  great  Association  was  conceived,  shall  be  permanently 
marked  with  a  tablet  setting  forth  the  facts  as  above  stated.  This  house 
is  still  a  substantial  brick  structure  kept  in  good  repair  and  owned  by  a 
wealthy  estate  so  that  its  preservation  for  years  to  come  is  undoubtedly 
secured.  Your  memorialists  therefore  request  that  the  president  of  the 
Association  appoint  a  committee  of  five,  one  of  whom  shall  be  a  member 
of  Section  E,  to  consider  the  practicability  of  marking  this  house  with  a 
bronze  tablet  suitably  inscribed  with  the  facts  stated  and  bearing  the  su- 
perscription of  the  American  Association  for  the  Advancement  of  Science. 
Adopted  by  Section  E  and  referred  to  the  Council  of  the  Association, 
June  27,  1900. 

J.  A.  Holmes, 

Secretary  Section  E. 
Adopted  by  the  Council  June  28,  1900. 


It  was  announced  that  the  following  resolutions  had  been  adopted  by 
the  Council : 

Resolved,  That  the  American  Association  for  the  Advancement  of  Sci- 
ence, recognizing  the  importance  of  the  preservation  in  its  original 
condition  of  some  portion  of  the  hardwood  forests  of  the  Southern  Appa- 
lachian region,  respectfully  petitions  Congress  to  provide  for  the  estab- 
lishment in  that  region  of  a  National  Forest  Reserve. 


Resolution  Adopted  and  Referred  to  the  Council  by  Section  G, 

June  26,  1900. 

Whereas,  The  Pacific  Coast  redwood  forests  (Sequoia  setnpervirens) 
are  now  practically  all  in  the  hands  of  private  owners,  who  hold  them  for 
lumbering  purposes  ;  and 

Whereas,  This  species  occupies  a  certain  coast-range  belt  of  remarka- 
ble climatic  characteristics,  the  study  of  which  ought  to  be  of  profound 
interest  to  science  ;  and 

Whereas,  The  only  other  living  Sequoia  ( usually  known  2&  Sequoia 
gigantea)  which  the  redwood  rivals  in  its  proportions,  as  well  as  in  its 
interest  to  travelers  and  to  men  of  science,  has  already  received  protection 
in  part,  from  the  United  States,  by  the  establishment  of  the  Sequoia 
National  Park,  and  the  General  Grant  National  Park,  in  the  Sierra  Ne- 
vadas ; 

Resolved,  That  the  Botanical  Section  of  the  American  Association  for 
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the  Advancement  of  Science  strongly  approves  the  recent  efforts  of  the 
several  societies,  clubs,  colleges,  universities,  and  private  citizens  in  Cali- 
fornia to  create  a  public  opinion  that  will  result  in  the  purchase  and  per- 
manent preservation,  as  a  public  forest  park,  of  a  tract  of  over  25,000 
acres,  largely  made  up  of  the  primeval  redwood  forest,  situated  in  the 
Santa  Cruz  Mountains,  forty  miles  southeast  of  San  Francisco,  and  fifteen 
miles  south  of  the  Iceland  Stanford,  Jr.,  University,  and  known  as  the 
*'  Big  Basin  Redwoods." 

Resolved  further y  That  this  Section  recommends  to  the  Council  of  the 
American  Association  for  the  Advancement  of  Science  such  further  en- 
dorsement and  action  as  may  seem  wise  to  the  Council. 


It  was  announced  that  on  the  recommendation  of  Section  C  the  Council 
had  endorsed  the  action  of  the  American  Chemical  Society  set  forth  in 
the  following  preamble  and  resolutions  : 

RESOI^UTIONS    REI^ATIVE    to    THE    ESTABI^ISHMRNT     OF     A     NaTIONAI. 

Standards  Bureau,  Adopted  by  the  American  Chemicai. 
Society,  Aprii,,  1900. 

Whereas,  In  the  conduct  of  exact  chemical  and  physical  investigations, 
the  use  of  apparatus  of  guaranteed  accuracy  is  a  necessity  which  is  recog- 
nized by  all  physicists  and  chemists  ;  and 

Whereas,  In  foreign  countries,  notably  in  Germany  and  England, 
such  guarantee  is  furnished  by  standardizing  bureaus  under  the  control 
of  their  respective  governments  ;  and 

Whereas,  At  present  the  United  States  Office  of  Standard  Weights 
and  Measures  does  not  possess  appliances  necessary  for  the  verification  of 
as  wide  a  range  of  apparatus  in  kind  and  form  as  seems  essential,  nor  the 
working  force  requisite  to  comply  with  legitimate  demands  for  the  verifi- 
cation and  stamping  of  chemical  and  physical  apparatus,  thus  compelling 
the  importation  of  foreign-made  apparatus  when  such  official  certification 
is  desired ;  and 

Whereas,  This  state  of  affairs  is  not  only  unsatisfactory  to  all  chem- 
ists, but  also  works  injustice  to  our  manufacturers  of  thermometers,  hy- 
drometers, volumetric  apparatus,  and  other  chemical-measuring  instru- 
ments, who  cannot  supply  the  proper  certification  with  such  apparatus  ; 
therefore,  be  it 

Resolved^  That  the  Congress  of  the  United  States  be  urged  to  establish 
a  National  Standards  Bureau  in  connection  with  the  United  States  Office 
of  Standard  Weights  and  Measures,  which  shall  provide  adequate  facili- 
ties for  making  such  verification  of  chemical-measuring  apparatus  and 
for  stamping  the  same,  as  are  provided  by  foreign  governments  for  simi- 
lar work. 

Resolved  further  y  That  a  copy  of  the  foregoing  be  forwarded  to  the  Sec- 
retary of  the  Treasury,  under  whose  control  the  present  Office  of  Standard 
25 
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Weights  and  Measures  comes ;  to  the  Superintendent  of  the  United  States 
Coast  and  Geodetic  Survey ;  to  the  President  of  the  United  States  Senate; 
to  the  Speaker  of  the  United  States  House  of  Representatives ;  to  the 
Chairman  and  members  of  the  Committee  on  Coinage,  Weights,  and 
Measures,  and  to  the  presiding  officers  of  the  various  Sections  of  this  So- 
ciety, and  to  the  presiding  officers  of  other  scientific  bodies  likely  to 
be  interested,  with  a  request  for  the  cooperation  of  those  organizations  in 
our  efforts  to  secure  for  the  United  States  Office  of  Standard  Weights  and 
Measures  ample  facilities,  in  point  of  apparatus  and  working  force,  to 
enable  that  office  to  comply  with  the  requests  for  the  verification  of  meas- 
uring instruments  that  may  be  made  by  American  Scientific  workers. 

Wii^LiAM  McMuRTRiE,  President, 
AI.BERT  P.  Hai,i,ock,  Treasurer, 
E.  G.  Love,  Librarian, 
Ai^BERT  C.  Hai,e,  Secretary, 
Edward  Hart,  Editor. 


It  was  announced  that  the  Council  had  adopted  the  following  report  of 
the  Committee  on  Grants  : 

The  Committee  on  Grants  makes  the  following  recommendations  to  the 
Council  : 

1.  That  a  grant  of  I50  be  made  to  the  Committee  on  Anthropometric 
Measurements  (the  former  Committee  on  the  Study  of  the  White  Race 
in  America). 

2.  That  a  grant  of  f  50  be  made  to  the  Committee  on  the  Study  of  Blind 
Vertebrates. 

3.  That  a  grant  of  |ioo  be  made  to  the  Committee  on  the  Quantitative 
Study  of  Biological  Variations. 

4.  That  a  committee  be  appointed  to  study  the  relations  of  plants  to 
climate,  and  that  a  grant  of  $33  be  made  to  such  committee. 

5.  That  if  practicable  an  allotment  of  I17  be  made  to  the  last-named 
committee  from  the  funds  in  the  hands  of  the  Permanent  Secretary. 


At  the  final  General  Session  held  Friday  morning  the  financial  report 
of  the  Permanent  Secretary  for  the  calendar  year  1899  and  the  report  of 
the  Treasurer  for  the  same  period^  together  with  the  reports  of  the  Audi- 
ting Committee  were  presented  and  ordered  placed  on  file. 

Announcement  was  made  of  the  officers  elected  for  the  coming  year 
(see  the  early  pages  of  this  volume)  and  of  the  time  and  place  for  the  next 
meeting — Denver,  Colorado,  August  24-31,  1900. 
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The  following  resolution  offered  by  Mr.  McGee  was  adopted  : 
Resolved,  That  the  A.  A.  A.  S.,  tender  to  Columbia  University  and  es- 
pecially to  President  Seth  Low  and  to  those  members  of  the  faculty  iden- 
tified with  the  Local  Executive  Committee,  an  expression  of  hearty  appre- 
ciation of  the  hospitality  extended  to  the  Association  and  of  the  excellent 
facilities  so  freely  placed  at  its  disposal. 


The  following  resolutions  by  Professor  Gage  were  adopted  : 
Resolved,  That  a  vote  of  thanks  be  extended  by  the  Association  to  the 
Zoological  Society  for  the  invitation  to  visit  the  Zoological  Park  on  Sat- 
urday. 

Resolved,  That  a  vote  of  thanks  be  extended  to  the  Cold  Spring  Harbor 
Laboratory  for  the  invitation  to  visit  the  laboratory  on  Saturday. 


A  report  of  a  Special  Committee  consisting  of  W  J  McGee,  G.  K.  Gil- 
bert, H.  L.  Fairchild,  appointed  to  suggest  action  with  regard  to  the 
death  of  Professor  Edward  Orton,  elected  President  of  the  Association  in 
1898,  to  hold  office  from  the  beginning  of  the  meeting  of  1899  to  the  be- 
ginning of  the  meeting  for  1900,  was  adopted.  This  report,  with  an  ap- 
pended biographical  sketch  will  be  found  in  the  present  volume  just  be- 
fore the  executive  proceedings. 

The  Association  then  adjourned  to  reconvene  at  Denver,  Colo.,  Mon- 
day, August  26,  1901. 

Chari^es  Baskervii,i.e, 

General  Secretary. 
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The  second  New  York  meeting  was  very  successful  as  a  working  meet- 
ing. The  members  in  attendance  were  of  the  active  class  of  scientific 
workers.  A  large  proportion  of  them  (250)  were  Fellows.  The  meeting 
was  not  a  large  one  and  social  features  were  almost  entirely  lacking.  A 
large  number  of  papers  were  read  and  none  of  the  programs  were  com- 
pleted before  the  evening  of  the  third  day,  while  on  the  fourth  day  Sec- 
tions A,  B,  H,  and  I,  were  still  in  session,  the  zoologists  and  botanists 
using  the  day  for  excursions.  In  point  of  numbers  the  meeting  ranks 
about  with  the  third  Buffalo  meeting.  Four  hundred  and  forty-seven 
members  and  fellows  were  in  attendance.  All  sections  of  the  country 
were  represented  :  New  York  by  148  members  ;  District  of  Columbia  by 
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47;  Massachusetts,  46;  Pennsylvania,  32;  Ohio,  22;  New  Jersey,  17; 
Indiana,  13;  Connecticut,  12  ;  Wisconsin,  10;  Michigan,  9;  Illinois,  8; 
Rhode  Island,  7 ;  Maryland,  6  ;  New  Hampshire,  5  ;  Virginia,  4 ;  three 
each  from  Canada,  Missouri,  North  Carolina ;  two  each  from  Iowa,  Ken- 
tucky, West  Virginia.  Maine,  Mississippi,  Florida,  Minnesota,  Colorado  : 
one  each  from  Alabama,  Tennessee,  Kansas,  Louisiana,  South  Dakota, 
California,  Texas,  Nebraska,  Delaware,  and  South  Carolina.  The  meet- 
ing was  especially  successful  in  the  interest  shown  and  in  the  large  num- 
ber of  new  members  elected.  The  lack  of  excursions  and  social  features 
greatly  reduced  the  usual  list  of  Associates,  but  259  new  members  were 
elected  at  the  meeting,  which  including  those  elected  at  meetings  of  the 
Council  makes  a  total  of  331  new  members  since  the  Columbus  meeting. 
It  was  announced  by  the  Permanent  Secretary  at  the  close  of  the  meeting 
that  the  meml^ership  list  footed  up  1900. 

Sixteen  aflSliated  societies  met  with  the  Association  either  during  the 
week  or  immediately  preceding  or  subsequent  to  the  Association  week. 
This  is  a  larger  number  of  such  societies  than  has  ever  before  met  with 
the  Association.  Two  constitutional  amendments  were  adopted  as  printed 
in  the  report  of  the  General  Secretary  and  three  new  amendments  were 
proposed  as  also  printed  in  that  report.  The  details  of  the  business  of  the 
office  of  the  Permanent  Secretary  have  been  reported  to  the  Council  from 
time  to  time.  One  of  the  operations  which  will  be  of  interest  to  the  As- 
sociation in  general  was  the  transfer  of  the  large  stock  of  back  volumes 
of  the  Association  from  Cambridge  to  New  York  where  they  are  now 
stored  free  of  charge  to  the  Association  in  the  Library  Building  of 
Columbia  University..  Of  especial  interest  to  members  who  wish  to 
possess  full  sets  of  the  Proceedings  is  the  adoption  by  the  Council  of  the 
report  of  the  Committee  on  Back  Volumes  of  the  Association  which  will  be 
found  in  the  report  of  the  General  Secretary.  The  Permanent  Secretary 
will  furnish  back  volumes  to  any  member  upon  the  terms  therein  men- 
tioned. 

Undoubtedly  the  most  important  action  taken  by  the  Council  of  the 
Association  at  the  New  York  meeting  was  the  new  arrangement  with  the 
publishers  of  the  journal  Science.  This  arrangement  has  been  entered 
upon  for  the  year  190* ,  and  it  is  expected  that  it  will  prove  so  satisfactory 
that  it  will  be  continued  indefinitely.  The  complaint  from  members  of 
the  Association  which  reaches  the  Permanent  Secretary  most  frequently 
is  from  those  who  are  unable  to  attend  meetings  with  any  regularity  that 
they  wish  the  advantages  of  membership  were  more  tangible.  The  weekly 
receipt  of  Science  it  is  hoped  will  silence  such  criticism  in  the  future. 

Of  the  331  members  elected  since  the  Columbus  meeting,  250  have  per- 
fected their  membership,  and  also  8  of  those  elected  at  the  Columbus 
meeting.  Fifty -nine  have  paid  arrears,  one  of  these  being  reinstated  in 
the  list  of  fellows  by  the  payment  of  the  New  York  assessment,  making 
317  names  added  to  the  roll  since  the  Columbus  volume  was  published. 

From  the  Columbus  list  24  names  (including  3  founders  and  i  life 
member)  have  been  transferred  to  the  list  of  deceased  members  ;  22  mem- 
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bers  and  fellows  have  resigned,  and  45  have  been  omitted  for  arrearages, 
making  a  deduction  of  91  from  the  list. 

Seventy-one  members  have  paid  fellowship  fees  and  have  been  trans- 
ferred to  the  list  of  fellows.     Five  have  paid  life-membership  fees. 

The  following  is  a  comparative  statement  of  the  roll  as  printed  in  the 
Boston  and  Columbus  volumes  and  in  the  present  volume  : 

Boston.        Columbus.        New  York. 


Living  patrons, 

Corresponding  members. 

Members, 

Living  honorary  fellows, 

Fellows, 

2 
I 

949 

I 
776 

2 

897 
2 

794 

2 

1052 

2 

86s 

Totals, 
Honorary  life  fellows  (founders) 
included  in  the  above, 

1729 
6 

1695 
6 

19^1 
3 

The  distribution  of  publications  since  the  last  report  is  as  follows  : 

Proceedings,  Vols.  1-47,  delivered  to  members,  173  ;  sold,  100 ;  ex- 
changes, 38;  presented,  44;  duplicate  copies  to  members,  6;  =361. 
Returned  by  members,  i  ;  received  as  donations,  6. 

Proceedings,  Vol.  48,  delivered  to  members,  1572  ;  sold,  38 ;  exchanges, 
257  ;  presented,  5  ;  =  1872.     Returned  by  members,  2. 

Constitution,  sold,  5  copies.     Programme,  sold,  i. 

The  financial  report  of  the  permanent  secretary  will  follow  that  of  the 
treasurer.  L.  O.  Howard,  Permanent  Secretary. 

Nov.  10,  1900. 


REPORT  OF  THE  TREASURER. 

In  compliance  with  Article  15  of  the  Constitution,  and  by  direction  of 
the  council,  I  have  the  honor  to  submit  the  following  report,  showing 
receipts,  disbursements,  and  disposition  of  funds  of  the  Association  for 
the  year  ending  December  31,  1899. 

Receipts  have  come  into  the  keeping  of  the  Treasurer  from  four  soiurces, 
namely  :  First,  from  Mr.  Emerson  McMillan,  patron  of  the  Association ; 
secondly,  from  the  commutations  of  fees  of  life  members  of  the  Associa- 
tion ;  thirdly,  from  excess  of  receipts  over  expenditures  of  the  Perma- 
nent Secretary ;  and  fourthly,  from  interest  on  funds  deposited  in  savings 
banks.     The  aggregate  of  these  receipts  is  I2733.27. 

Disbursements  made  in  accordance  with  the  directions  of  the  council 
amount  to  $150. 

The  details  of  receipts,  disbursements,  and  disposition  of  funds  are 
shown  in  the  following  itemized  statement. 

Dated  June  i,  1900. 
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THE  TREASURER  IN  ACCOUNT  WITH  THE 
AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE. 

1899.  Dr. 

December  31,  To  balance  from  last  account  .  I6083  84 

To  amount  received  from  Emerson  McMillan,  pa- 
tron     .....  1000  00 

To  amount  received  from   L.   O.  Howard  for  ten 
life-membership  commutations  500  00 

To  amount  transferred  from  funds  of  Permanent 
Secretary  ....  1000  00 

To  amount  received  as  interest  on  funds  de- 
posited in  savings  banks  as  follows : 

From  Cambridge  Savings  Bank,  Cambridge, 
Mass.,  .  .    |i8  48 

From  Emigrant   Industrial  Savings  Bank, 
New  York,  N.  Y.,  59  99 

From   Institution  for  the  Savings  of  Mer- 
chants* Clerks,  New  York,  N.  Y.,  86  76 

From  Metropolitan  Savings  Bank,  New  York, 

N.  Y.,  .  68  04 

233  27 

Total,   ....       $8817  II 


1899.  Cr. 

December  31,  By  grant  paid  to  Committee  on  Study  of  White 

Race  in  America,  .       J    50  00 

By  grant  paid  to  Committee  on  Standards,  50  00 

By  grant  paid  to  Committee  on  the  Quantitative 
Study  of  Biological  Variation,  .  5000 

By  cash  on  deposit  in  banks  as  follows  : 

In  Cambridge  Savings  Bank,  Cambridge, 
Mass.,  .  |ioii  66 

In   Emigrant    Industrial    Savings    Bank, 
New  York,  N.  Y.,     .  .  .    2347  97 

In   Institution   for  the  Savings  of  Mer- 
chants' Clerks,  New  York,  N.  Y.,  2919  42 

In  Metropolitan  Savings  Bank,  New  York, 
N.  Y.,  ...  2152  86 

In  The  Fifth  Avenue  Bank  of  New  York, 
N.  Y.,         .  235  20 

8667  II 

Total,  ....         f88i7  11 

I  have  examined  the  foregoing  account  and  certify  that  it  is  correctly 
cast  and  properly  vouched. 

G.  K.  Gilbert,  Auditor. 
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L.  O.  HOWARD,  PERMANENT  SECRETARY, 

The  American  Association  for 

From  January  /,  /^pp,  to 


Dr. 

To  balance  from  last  account, 

1 

3723  90 

Admission  fees  previous  to  Columbus, 

1    65  oo 

Admission  fees  Columbus, 

495  00 

Assessments  for  New  York  meeting,    . 

21  00 

Assessments  for  Columbus  meeting, 

.  3603  00 

Assessments  previous  to  Columbus, 

1472  00 

Associate  fees, 

.     276  00 

Fellowship  fees. 

134  00 

Life-membership  fees. 

.     150  00 

6216  00 

Publications  and  binding. 

134  82 

Interest,            .... 

23  40 

Miscellaneous  receipts, 

14  27 

172  49 

|iori2  39 
I  hereby  certify  that  I  have  examined  this  account  and  that  it  is  cor- 
in  Washington  banks  as  follows:  Citizens' National  (including  interest 
terest  credited  January  I )  I509. 20;  American  Security  and  Trust(  inclu- 
ceeds  by  I12.29  the  balance  shown  by  the  Secretary's  account,  but  the 
respectively,  had  not  before  January  5th  been  presented  to  the  Citizens' 


CASH    ACCOUNT. 


393 


IN  ACCOUNT  WITH 

THE  Advancement  of  Science, 

December  sr^  i8gg. 


Cr. 
By  Publications, 

Final  payment  on  Vol.  47, 
Electrotypes  for  Vol.  47, 

By  Expenses  Columbus  Meeting. 
General  expenses, 
Secretaries  of  sections. 

General  Secretary  and  Secretary  of  Council, 
Lantern  slides  of  past  presidents, 
Stenographic  report  of  general  sessions,     . 
Registry  clerk, 

By  General  Office  Expenses. 

Printing  circulars,  tickets  and  blank  forms, 

Postage,  .... 

Express,  .... 

Stationery, 

Moving  back  vols,  to  storage. 

Telegrams,  . 

Extra  clerical  help,  typewriting,  etc., 

Miscellaneous  expenses, 


1 991 

08 

12 

25 

< 

98 

28 

209 

01 

40 

00 

24 

GO 

35 

25 

21 

GO 

47 

75 

284 

91 

395 

48 

43  44 

70 

60 

II 

54 

58 

35 

19 

12 

I  1003  33 


427  54 


By  Salaries. 

Permanent  Secretary,    . 

1250  00 

Assistant  Secretary, 

720  00 

By  Miscellaneous  Disbursements. 

Note   of  life  member  returned  on 

cancellation  of 

life  membership. 

47  00 

Overpaid  dues  returned, 

5  00 

By  cash  paid  Treasurer, 

1500  CO 

931  19 


1970  00 


By  balance  to  new  account, 


1552  00 
4228  33 


Iron  2  39 
rectly  cast  and  properly  vouched  for,  and  that  the  balance  was  on  deposit 
credited  January  5,  1900)  $2717.22;  National  Safe  Deposit  (including  in- 
ding  interest  credited  January  8)  I1014.20 ;  in  all|424o.62.  This  total  ex- 
discrepancy  is  explained  by  the  fact  that  two  checks,  for  $5.00  and  $7.29 
National  Bank  for  payment.  G.  K.  Gli,BERT,  Auditor. 
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